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St. Anthojiy, Minn.. ) 
Dec. 31, 1872. J 

Hon. J. S. Pillshury^ president of the hoard of regents of the UnU 
versity of Minnesota: 

Dbab sib : — I have the honor herewith to present the first 
annaal report of progress on the geological and natural history 
survey of the state, required by the provisions of the law creating 
the same. The field work covered by this report is that performed 
by myself alone between the first of September and the closing of 
the season, on the 12th day of November, by the first fall of snow. 
The means at my disposal not admitting of the employment of as- 
sistants, it has only been possible to make a general reconnoissance 
of the state by visiting those parts accessible by railroad. In that 
way I have succeeded in making a connected section of observed 
strata from the trap and granite rocks, which lie at the base of our 
geological system, to the Oalena limestone^ in the Lower Silurian, 
including also about forty feet of the latter. Between the Oalena 
and the Cretaceous no intervening rocks have been seen, bat it is 
probable that the remainder of the Lower Silurian, including the 
Maquoketa shales and the Niagara limestone^ which in the North- 
west seems to constitute the Upper Silurian, as well as the lower 
portions of the Devonian, are in place in some parts of the southern 
portion of the state. . A few sections have also been taken in the 
Cretaceous clays and sandstones in the southern part of the state. 
Developments of considerable interest and economical importance 
have already been made in connection with this series of rocks, as 
detailed in the accompanying report; and it is believed that they 
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will afford in the fature progress of the sarvey some of the best 
exemplifications, not only of the scientific value, but also of the 
practical usefulness of our investigations. 

The small geological map of the state accompanying this report 
is intended to embody all that is known concerning the geograph- 
ical outlines of the various formations embraced within the state. 
With the exception of the southeastern part of the state, the out- 
lines of the geology of which have been more minutely laid out by 
Mr. W. D. Hurlbut, of Rochester, Minn., this map is to be re- 
garded as only an approximation to the actual bearing of the strata, 
the boundaries of which are marked by tortuosities which it will 
be the future work of the survey to carefully trace out. 

It becomes my pleasant duty to acknowledge the active interest 
and aid of the president of the university in the initiation of the 
'survey in various matters of administrative courtesy touching its 
relation to the university. Rooms have been provided in the uni- 
versity building for the storage of specimens and for laboratory 
work; and the nucleus of a geological museum has already been 
established. 

Mr. W« D. Hurlbut, of Rochester, who, as a pioneer in the sci- 
entific development of the geology of southern Minnesota, has 
gathered information which it would require several seasons of field 
work for one man to collect, has freely aided me by giving all the 
information in his possession, aqd has spent considerable time gra- 
tuitously in guiding me to points of interest. The preliminary 
map accompanying this report shows the minuteness with which 
he has observed the geological boundaries in that part of the state. 

Prof. Wm. F. Phelps, of the normal school at Winona, has given 
much information concerning that section of the state, and has 
accompanied me to various places of geological importance. His 
collection of fossils from the Trenton and other Silurian rocks 
stored in the museum of the normal school, has been opened for 
examination and study. He has donated to the geological museum 
of the university plaster casts of some of the largest and most per- 
fect specimens of trilobites ever found in the state of Minnesota. 

Mr. A. J. Hill, of St. Paul, has enjoyed unusual facilities for col- 
lecting the most complete information concerning the relative 
altitudes of different parts of the state as shown by railroad pro- 
files, and has tendered to the survey the free use of all his tables. 
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Dr. H. H. Gathrie, of St. Charles, and Mr. A. Van Vorhes, of 
Stillwater, guided me in making observations at those places; giv- 
ing me mnch valuable information. 

Mr. Frank Wilson, of Mantorville, has placed in the university 
museam a large collection of fossils from the Galena Ihnestone^ on 
temporary deposit. For the benefit of the geological survey he 
has submitted them for examination and nomenclature. 

The St. Paul & Sioux City, and Sioux City & St. Paul R. R., the 
Northern Pacific R. R. and the Southern Minnesota R. R. have 
materially aided in the prosecution of the field-work by granting 
continuous passes on their roads. The Wiuona & St. Peter R. R. 
has also granted trip passes on application. 

[n general the people of the state, so far as I have come in con- 
tact with them, have manifested much interest in tbe survey, and 
expressed a willingness to aid in its progress in every way in their 
power. 

Allow me to thank you for the cordiality with which you have 
officially counseled and aided me in making the preliminary re- 
connoissance, and for personal favors ac your hands. 

Very respectfully, 

N. H. WiNCHBLL, 

State Geologist. 
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I. 



HISTORICAL SKETCH AND LIST OF PUBLICATIONS 
RELATING TO THE GEOLOGY AND NATURAL 

HISTORY OF MINNESOTA. 



The earliest published accoanis of the natural features and 
resources of Minnesota are found in the writings of the Jesuit 
missionaries. These, however, are generally too vague or too gen- 
eral in their statements to be of much scientific value. The first 
printed account and distinct mention of the Mississippi river^ 
within the limits oi Minnesota, seems to be that of Father Henne- 
pin, who visited the falls of St. Anthony in J680, and gave them 
their name, although Father Marquette discovered the river at 
lower points as early as 1673. Father Hennepin^s book, published 
at Utrecht in 1679, has the following title: Voyage ou nouvelle 
decouverte d' un ires grand pays dans V Amerique entre nouveau 
Mexiqm et la mer glaciale par le B, P. Louis Hennepin^ avec toutes 
les particularitez de ce Pais, & de celui conniie sous le nom de La 
Louisiane; les advantages qu^ on en pent tirer par V etablissenient 
des colonies; enriche de Cartes Geographiques : augmente de quelques 
figures en taide douce;— avec un voyage qui contiente une Belation 
exacte de VOrigine^ Moeurs^ Coutumes^ Religion, Guerres^ <& Voyages 
des Caraibes sauvages des Isles Antilles de V Amerique^ faite par le 
Sieur De La Borde^ tiree du Cabinet de Monsr. BlondeL 

The voyage proper of Hennepin is divided into seventy-six chap- 
ters. The following titles show the relations of some' of these 

chapters to the state of Minnesota. 

• • * • * * * 

XXXVI. Depart d'Auteur en Canot du fort Crevecoeur avec 
les deux hommes, dont il a ete parle, pour se rendre aux Nations 
eloignees. 
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XXXYII. Quels ont ete les motifs que TAuteur a eus ci-devant 
de cacher les memoires qu^ il avoit de cette Decouverte & de ne les 
pas inferer dans la Description de sa Louisiane. 

XXXYIII. Continuation^ du voyage de TAuteur sur le Fleuve 
Meschasipi. 

XXXIX. Raisons qui nous obligerent de remonter le Fleuve 
Meschasipi sans aller plus loin vers la Mer. 

XL. Depart de Eoroa sur le Fieuve Meschasipi. 

XLL Description de la beaute du Fleuve Meschasipi, des terres, 
qui le bordent de part & d^autre, & qui sont d^un beaute' ravissante 
& des Mines de cuivre, de plomb, & de carbon de terre qu'on y a 
trouva. 

XLII. Description' des divers langes de ces peuples & de leur 
soumission a' leurs Chefs; des Mannieres differentes de ces peuples 
de Meschasipi d'avec les sauvages du Canada & du peu de fruit, qu' 
on peutesperer pour la Religion chretiene parmi eux. 

XLIII. Description de la peche vue nous faissons des etourgeons. 
Orainte de nos gens qui ne vouloient point passer en remontant 
pres de V embouchure de la Riviere des Illinois, & du changement 
des terres et du climat en aliant vers le Nord. 

LIX. Les sauvages sont halte au dessus du saut de St. Antoine 
de Padoue. lis se trouvent en necessite de vivres; V Auteur va 
avec le Picard a' Riviere d' Ouisconsin. Aventures de leur voyage. 

LX. Chasse des Tortues, le cauot enleve' a' V Auteur par un 
vent impetueux, ce qui le jette dans un grande necessite avec son 
compagnon de voyage. 

Memoire sur les Moeurs^ Coutumes^ et Religion des sauvages de V 
Amerique Septentrionale, par Nicolas Perrot, publie pour la premiere 
fois, par le R. P. J. Tailhan de la compagne de Jesus, 1864. 12mo« 
341 pp. 

This valuable memoir remained in manuscript from 1670 till 
1864 without publication. 

In the latter part of the seventeenth century Baron La flontan, 
Lord Lieutenant of the French colony at Placentia, Newfound- 
land, traveled yer much of the Northwest, visiting the territory 
now embraced m Minnesota, and describing the nations and many 
of the natural features of the country. His book is entitled: New 
Voyages to North America^ containing an account of the several no- 
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tions of that vast continent^ their customs^ commerce and way of ifav^ 
igation upon the Lakes and Rivers; the several attempts of the En^ 
glish and French to dispossess one another^ with the relations of the 
miscarriage of the former; and the various adventures between the 
French and the Iroquese, confederates of England, from 1683 to 1694. 

Historical Collections of Louisiana, embracing translations of 
many rare and valuable documents relating to the natural, civil and 
political history of that state. Part IV. Redfield, New York, 1852, 
8vo. pp. 268. (map.) Contains original narratives by Marquette, 
AUouez, Meniibre, Hennepin and Douay, relating to the discovery 
and exploration of the Mississippi river. 

Early voyages up and down the Mississippi. By Cavalier, St. 
Cosme, Le Sueur, Gravier and Geugnas, with an introduction and 
notes by John G. Shea, Albany, 1861, 4to. pp. 191. 

The travels of Jonathan Carver were performed in 1766,'67 and '68. 
His may be regarded the first contribution to the natural history 
of the country bordering on the upper Mississippi. His work is 
printed under the title of: Three Years' Travels throughout the 
interior parts of North America. Containing an account of the 
lakes, islands and rivers, cataracts, mountains, minerals, soil and 
vegetable productions of the northwest regions of that vast conti- 
nent, with a description of the birds, beasts, reptiles, insects and 
fishes peculiar to that country, together with a concise history of 
the genius, manners and customs of the Indians inhabiting the 
lands that lie adjacent to the heads and west of the river Mississippi; 
and an appendix describing the uncultivated parts of America that 
are the most proper for forming settlements; by Jonathan Carver, 
captain of the provincial troops in America; 16mo. pp. 280. 

Mr. Schoolcraft's first expedition to the sources of the Missis- 
sippi river was performed in 1820. His report was published un- 
der the following title : Narrative Journal of travels frotn Detroit 
northwest through the great chain of lakes to the sources of the Mis- 
sissippi river in 1820. By Henry R. Schoolcraft, performed as a 
member of the expedition under Governor Cass, embellished with a 
map and eight copper plate engravings, 8vo. pp. 419. 

In the year 1823 the United States Governmen^rdered an ex- 
pedition to the sources of the St. Peter river, lake Winnepeg and 
lake of the Woods, the report of which was published by congress 
under the following title : Narrative of an expedition to the sources 
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of the 8t. Peter riter^ lake Winnepeek, lake of the Woods^ &c.^ per- 
formed in the year 1823 by order of Hon. J. G. 'Calhoun, secretary 
of war, under the command of Stephen H. Long, U. S. topograph- 
ical engin^re* 2 toU., pp. 458 and 248, with an appendix of 156 
pages, 

C0NTBNT8 OF VOLUME I. 

» 

Chapter I. Departure from Philadelphia — Geology of the Al- 
leghanies — Cumberland road — Wheeling. 

Chapter IL Zanesville — ^Salt and iron works — Columbus — 
Piqua — Indian antiquities — Ohio canals — Fort Wayne. 

Chapter III. Description of Fort Wayne and vicinity — Fur 
trade — Potawotamies. 

Chapter IV. Cary mission house — Lake Michigan — Chicago. 

Chapter V. Rock river — Menomones — Geology of the country 
west of lake Michigan — Prairie du Chien — Sauks and JFoxcs. 

Chapter VI. Prairie du Chien — Indian remains — Division of the 
pajrty — Mississippi — Dacotah villages — Fort St. Anthony falls — 
River St. Peter. 

Chapter VII. Geology of the Mississippi — The expedition as- 
cends the St. Peter's — Character of the country — Arrival at lake 
Traverse. 

Chapter VIII. Account of the Dacotahs, or Sioux Indians — 
Their division into tribes — Their numbers, language, manners and 
customs — Notice of Watonwan, principal chief of the Yanktonian 
tribe — Description of the Columbia Fur Company's establishment 
at lake Traverse. 

CONTENTS OF YOLUME H. 

Chapter I. The party leave lake Traverse — They fall in With 
large herds of buffalo — Observations upon the rovings of this ani- 
mal — Meeting with a war party of the Wahkpahotas who mani- 
fest hostile dispositions — Arrival at Pembina. 

Chapter II. Fort Douglas and Lord Selkirk's colony — Bark ca- 
noes — Lake Wnnnepeek — Fort Alexander — River Winnepeek — 
Rapids — ^Portages — Fine falls — Lake of the Woods — Northwest- 
emmost point of the Boundary line— Rainy Lake river and lake — 
Fori — Series of rapids and falls — Dividing ridge — Falls of Eaman- 
atekwoya — ^Arrival at Fort William. 
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Chapter III. Accoaat of tbe Chippewa Indians — Their usages^ 
manners and castoms. 

Chapter IV. Departure from Fort William — Trap formations 
on lake Superior — Michipecotton house— Arrival at Sault St. 
Marie — Conclusion of the journey. 

Chapter V. General description of the country traversed by the 
expedition, designed as a topographical report to the war depart- 
ment, by S. H. Long, U. S. T. E. (Divided into seven chapters.) 

ooiirrsKTs of the afpei^dix. 

Part I. Natural History. Zoology by Thomas Say — Catalogue 
and descriptions. Botany by Lewis D. de Schweinitz. 

Part 11. Astronomy, 

Part III. Meteorology. 

Part IV. Indian Vocabularies. 

Mons. J. C. Beltrami, who^ started out as a member of Major 
Long's party of exploration to the sources of the St. Peter river, 
parted from him, and exploring the Mississippi to its source, pub- 
lished his observations under the following title: La Decouverfe 
des sources du Mississippi^ et de la riviere Sanglante. 

Descriptions du cour entier du Mississippi ♦ * * * 
aussiqt4e du cour entier d T Ohio^ Observations critico-philosophiques 
sur les moeurs^ la religion^ les superstitions^ les coutumes^ les arntes^ 
les chasses^ la guerre^ la paix^ le nombretnent^ Vorigine^ dkc.^ c&c„ de 
plusieurs nations indiennes ♦ * ♦ * * Preuves 
evidentes que le Mississippi est la premiere riviere du monde. Par 
J. C. Beltrami, Membre de plusieurs academies, 1824, pp. 327. 

Narrative of an expedition through the Upper Mississippi to 
Itasca lake^ the actual source of this river^ embracing an explora- 
tory trip through the St. Croix and Burntwood (or Brule) rivers in 
1832, under the direction of Henry R. Schoolcraft. (Published by 
Harper & Brothers,) pp. 307, 8vo. 

Besides the narrative this book embraces an appendix, as follows: 

I. Natural History. 1. List of shells collected -by Mr. School- 
craft. By William Cooper. 2. Localities of minerals observed 
in 1831 and 1832 in the Northwest. By H. R. Schoolcraft. 3. 
Localities of plants collected in the northwestern expeditions of 
1831 and 1832. By Douglass Houghton, M. D., surgeon to the 
expedition. 
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II. Indian languages. Part of a course of lectures on the gram- 
matical structure of the Indian languages, delivered before the St. 
Mary's committee of the Algic society. By H. R. Schoolcraft. 

III. Official reports^ embracing among others a report of Dr. 
Houghton on the copper of lake Superior; dated Fredouia, N. T., 
Nov. 14, 1831. 

Summary narrative of an exploratory expedition to the sources of 
the Mississippi river in 1820^ resumedjand completed by the discov- 
ery of its origin in Itasca lake in 1832. With appendices com- 
prising the original report of the copper mines of lake Superior, 
and observations on the geology of the lake basins and the summit 
of the Mississippi; together with all the official reports and scien- 
tific papers of both expeditions. By Henry R. Schoolcraft. Phila- 
delphia. Lippencott, Grambo & Co., 1855. 

Besides the narrative, the following scientific papers are included 

in the appendix : 

I. Of the expedition of 1820. 

Results of observations for latitudes^and longitudes during the 
expedition of 1820. By David B. Douglass, captain of engineers, 
U. S. A. 

Report on the copper mines of lake Superior. By H. R. School- 
craft. 

Observations on the mineralogy and geology of the country em- 
bracing the sources of the Mississippi river and the great lake 
basins. By H. R. Schoolcraft. 

Report on the value and extent of the mineral lands of lake Su- 
perior, in reply to a resolution of the U. S. Congress. By H. R. 
Schoolcraft. 

Rapid glances at the geology of western New York beyond the 
Rome summit, in 1820. By H. R. Schoolcraft. 

A memoir on the geological position of a fossil tree in the sec- 
ondary rocks of Illinois. Albany, N. Y. E. & E. Hosford, pp. 18. 
1822. By H. R. Schoolcraft. 

List of plants collected by Gapt. D. B. Douglass at the sources 
of the Mississippi river. Am. Jour. Sci. and Arts, vol. 4, p. 56. 
By John Torrey, M. D. 

A letter embracing notices of the zoology of the Northwest. Ad- 
dressed to Dr. Mitchell on the return of the expedition. By H. 
B. Schoolcraft. 

Species of bivalves, collected by Mr. Schoolcraft and Captain 
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Douglass in the Northwest, published in the 6th volume of the 
Am. Jour. Sci. pp. 120 — 259, By D. H. Barnes. 

Fresh water shells, collected by Mr. Schoolcraft, in the valleys 
of the Fox and Wisconsin rivers. Am, Phil. Trans., vol 5. By 
Mr. Isaac Lea. 

Summary remarks respecting the zoological species noticed in 
the expedition. By Dr. Samuel L. Mitchell. 

Mus hur sarins. Medical Repository, vol. 21, p. 248. By Dr, 
Samuel L. Mitchell. 

Sciurus tre-decefn-striatus. Med. Repos., vol. 21. By Dr. Samuel 
L. Mitchell. 

Proteus of the Lakes. Am. Jour. Sci., vol. 4. By Dr. Samuel 
L. Mitchell. 

Memoranda of climatic phenomena, and the distribution of solar 
heat in 1820. By H. R. Schoolcraft. 

IL 0/ the expedition of 1832. 

Limits and range of the Cervus sylvestris in the northwestern 
parts of the United States. Northwest Journal. By H. R. School- 
craft. 

Description of the Fringilia vespertina discovered by Mr. School- 
craft in the Northwest. Annals of the New York Lyceum of 
Natural History. By William Cooper. 

List of shells collected by Mr. Schoolcraft during his expedition 
to the sources of the Mississippi river in 1832. By William Cooper. 

List of species and localities of plants collected during the ex- 
ploring expeditions of Mr. Schoolcraft in 1831 and 1832. By 
Douglass Houghton, M. D., surgeon to the expeditions. 

A report on the existence of deposits of copper in the trap rocks 
of Upper Michigan. By Douglass Houghton. 

Remarks on the occurrence of native silver and the ores of silver 
in the stratification of the basins of lakes Huron and Superior. By 
H. R. Schoolcraft. 

A genera] summary of localities of minerals observed in the 
Northwest. By Henry R. Schoolcraft. 

Geological outlines of the valley of Takwymenon, in the basin of 
lake Superior. By H. R. Schoolcraft. 

Suggestions respecting the geological epoch of the deposit of the 
red sandstones of the St. Mary^s falls of Michigan. By H. R. 
Schoolcraft. 
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Table of geographical positions observed in 1836. By J. N. 
Nicollet. 

Report of a geological reconnoissance^ made in 1835 from the seat 
of government by the way of Green bay and the Wisconrin territory 
. to the Coteau de Prairie^ an elevated ridge dividing the Missouri 
from the St. Peter'* s river. By Q, W. Peatherstonhaugh, U. S. ge- 
ologist. Dated April 22, 1836. Printed by order of the senate. 
Doc. 333, pp. 168. 

Notes on the Wisconsin territory ^ particularly with reference to 
the Iowa district or Black Hawk purchase^ with a map. By Lieut. 
Albert Lea, U. S. dragoons, 1836, 16mo. 53 pages, close print. 

Report intended to illustrate a map of the hydrographical basin 
of the Upper Mississippi river. By J. N. Nicollet in employ under 
the bureau of the corps of topographical engineers, and under in- 
structions, dated April 7, 1838. pp. 170, 26th Congress, 2nd ses- 
sion, senate, [237]. Printed Feb. 16, 1841, 500 copies ordered. 
Also 28th Congress, 2nd sess., House of reps. [52], Jan. 11, 1845, 
1500 copies ordered. 

This yaluable document on the Upper Mississippi consists of : — 

Part I. Physical geography of the region embraced within the 
map, with incidental notes on its geology, mineralogy and botany. 

Part n. Comprises: determination of altitude by barometer; de- 
termination of time; determination of latitude; determination of 
longitude; a table showing results of observations. 

[A sketch of the early history of St. Louis was prepared by Mr. 
Nicollet to accompany his report, but as he died without assigning 
it a place it is inserted after Part I.] 

Appendix ^^A^^ is a table of geographical positions giving lati- 
tudes, longitudes and altitudes above the gulf of Mexico. 

Appendix '*B^^ is a catalogue of plants collected by Mr. Charles 
Qeyer, under the direction of Mr. J. N. Nicollet during his explo- 
ration of the region between the Mississippi and Missouri rivers. 
By Prof. John Torrey, M. D. 

Appendix "C^* is a list of fossils belonging to the several forma- 
tions alluded to in the report, arranged according to localities. 

A Canoe Voyage up the Minnay Sotor^ with an account of the lead 
and copper deposits of Wisconsin^ of the gold region of the Cher-- 
okee country^ and sketches of popular manners^ c&c, (£t., <&c. By G. 
W. Featherstjuhaugh, F. R. S., F. G. S. The preface is dated 
Dec. 1846. 8vo. Vol. I has pp. 416. Vol. TI has pp. 351. 
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Report of a geological survey of Wisconsin^ loioa and Minnesota^ 
and incidentally of a portion of Nebraska territory. Made under 
instractions from the U. S. treasury department, by David Dale 
Owen, U. S. geologist, during the years 1847, 1848, 1849 and 1850. 
4to, pp. 638, 72 wood cuts, 27 steel plates, 18 colored maps, stone . 
and copper. Philadelphia, Lippencott, Grambo & Co., 1852. 

This volume, embracing a field extending from St. Louis to the 
British line, and from the west shore of Lake Michigan to the 
Missouri river, is by far the most valuable contribution to the nat- 
ural history of the Northwest that had at that time appeared. It 
throws the first real light, derived from the systematized science of 
modern times, on the geology and the present fauna and flora of 
Minnesota. The works of major Long and of Mr. Schoolcraft, 
mainly narrative or dealing with observations incidentally made 
on the geology and natural history of the routes they took, em- 
brace many essential facts and able memoirs on special subjects. 
The report of Dr. Owen is both comprehensive and detailed. He 
had a numerous corps of able naturalists, and his examinations 
were sufficiently prolonged to enable him to gather reliable facts 
enough to lay down correctly the groundwork of a vast extent of 
scientific research. It is a fortunate thing for geology that at the 
head of this enterprise was a man so conscieniious in his state- 
ments, and so careful in his researches. It is no rebuke to geology 
to say that it has suffered less from its open foes than from the 
rash generalizations of some of its advocates. Dr. Owen was ena- 
bled not only to prove the falsity of some of the statements of 
mere tourists who had passed through the state, but to establish 
on correct paleontological evidence the age of most of the bedded 
rocks of Minnesota, and to throw much light on its topography 
and soil. It would be expecting too much to look for a pioneer 
report on so vast a field that should show no errors. Some of these 
have already been pointed out by more recent observers who con- 
fined their examinations to certain parts of the territory on which 
Dr. Owen reported. Others may appear hereafter. 

Dr. Owen^s corps consisted of the fbllowing gentlemen : 

J. G. Norwood, assistant geologist. 

J. Evans, B. P. Shtjmard, B. C. Macy, C. Whittlesey, A. Lit- 
ton, R. Owen, heads of sub-corps. 
G. Warren, H. Prattbn, P. B. Meek, J. Bbal, sub-assistants. 
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Dr. Owen's own report, covering the first 206 pages of the vol- 
ume, is divided into six chapters. He gives a brief history of the 
explorations of the various corps, sketches the difficulties and ad- 
ventures which betell them, and names the salient points of inter- 
est in the progress and the results of the survey, in the introduc- 
tion. The chapters are as follows : 

Chapter I. Formations of the Upper Mississippi and its tribu- 
taries, belonging to the Silurian period. 

Chapter II. Formation of Cedar, and part of Lower Iowa river, 
belonging to the Devonian period. 

Chapter III. Carboniferous rocks of southern and western Iowa. 

Chapter IV. Formations of the interior of Wisconsin and Min- 
nesota. 

Chapter Y. Formations of lake Superior. 

Chapter YI. Incidental observations on the Missouri river, and 
on the mauvaises terres (bad lands). 

Dr. Norwood's report on some portions of the country adjacent 
to lake Superior consists of : — 

Chapter I. Boundaries and topographical notices. 

Chapter II. Descriptive catalogue of the rocks referred to in his 
report. 

Chapter III. Narrative of the explorations made in 1817, be- 
tween La Pointe and St. Louis river; and between Fond du Lac 
and the falls of St. Anthony, and on the St. Croix river. 

Chapter lY. Physical structure and geology of the northwest- 
ern and western portions of the valley of lake Superior. 

Col. Chas. Whittlesey's report pertains to that portion of Wis- 
consin bordering on the south shore of lake Superior. 

Chapter I. General description and geology of the Bad river 
country, and of that between the Bad river and the Brule; with 
descriptions and detailed sections of rocks like those which in Mich- 
igan are copper-bearing; and accounts of the magnetic iron beds 
of the Penokie iron range, and of ^^Iron ridge,^' in Dodge county, 
Wisconsin. 

Chapter II. Description of the country between the Wisconsin 
and Menomonie rivers; with a discussion of the general geology, 
and its relations to other parts of the Northwest. 

Chapter III. Bed clay and drift of Green bay and Wisconsin. 
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Chapter IV. Barometrical and thermometrical obserrations. 

Chapter Y. Lumbering on the waters of Qreen bay. 

Dr. B. F« Shumard's report pertains to local and detailed obser- 
vations in the valleys of the Minnesota, Mississippi and Wisconsin 
rivers. 

Chapter I. Detailed observations on the St. Peter^s and its trib- 
utaries. 

Chapter II. Local sections on the Upper Mississippi. 

Chapter III. Local sections on the Wisconsin and Baraboo 
rivers. 

Chapter IV. Observations on Snake, Kettle and Rush rivers. 

Dr. J. Leidy furnished for the volume a memoir on the remains 
of extinct Mammalia and Chelonia from Nebraska territory. 

The appendix embraces : — 

Article I. Description of new and imperfectly known genera 
and species of organic remains collected during the geological sur- 
veys of Wisconsin, Iowa and Minnesota. By D. D. Owen. 

Article II. Descriptions of one new genus and twenty-two new 
species of Crinoidea^ from tbi Subcarboniferous limestone of Iowa. 
By D. D. Owen and B. F. Shumani. 

Article III. Summary of the distribution of orders, genera and 
species in the Northwest. 

Article IV. Additional chemical examinations. By D. D. Owen. 

Article Y. Systematic catalogue of plants of Wisconsin and 
and Minnesota. By C. C. Parry. 

Article YI. Table of stratigraphical and geographical distribu- 
tion of genera and species in the Northwest. 

The Pembina settlement Letter from the secretary of war trans- 
mitting report of Maj. Wood relative to his expedition to Pembina 
settlement, and the condition of affairs on the northwestern frontier 
of the territory of Minnesota. Mar. 19, 1850. 8vo. pp. 55. Ex. 
Doc. No. 51, 31st Cong., Ist session. 

Letter from the secretary of war communicating the report of an 
expedition to the territory of Minnesota, By brevet Capt. Pope, 
Feb. 5, 1850. Senate, 31st Congress, 1st Sess. Ex. Doc. No. 42, 
pp. 56. Comprises nine chapters and an appendix containing 
tables of distances. 

Letter from the secretary of war transmitting report of brevet 
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captain J. L, Reno, oa the survey, &c., of a road from Mendota to 
the Big Sioux river. 33rd Congress, Ist session, House of Repre- 
sentatives [97], pp. 12. 

Reports of explorations and surveys to ascertain the most practi* 
cable and economical route for a railroad from the Mississippi river * 
to the Pacific ocean. Made under the direction of the secretary of 
war in 1853-4, according to acts of Congress of May 3, 1858, May 
31, 1851, and August 5, 1854. Thirteen volumes, 4to., Washing- 
ton, 1856-60. 

Single papers. 

1. Route near the 47th and 49th parallels of north latitude, 
vol. I. pp. 39-55. 

2. Synopsis of a report of the reconnoissance a i Iroad route 
from Puget sound, via Smithes pass to the Mississippi river. By 
Fred W. Lander, C. E.; vol. II, pp. 45. 

Vol. XII. Parts I and II are wholly devoted to the Northern 
Pacific route, viz: 

Part I. Narrative and final report of exploration for a route for 
Pacific R. R. near the 47th and 49th parallels of north latitude, 
from St. Paul to Puget sound. By 1. 1. Stevens, governor of Wash- 
ington territory, 1855, pp. 358. 41, 2 maps, 1 profile, 70 engravings. 
Part II. Botanical report, pp. 7-76, 6 plates; zoological report, 
pp. 1-399, 76 plates. 

Letter^ upon the agricultural and mineral resources of the north- 
western territories^ on the route of the Northern Pacific R. R. By 
Philip Ritz, Washington, D. C; 8vo. pp. 8, 1868. 

Minnesota. Its place among the states. Being the first annual 
report of the commissioner of statistics, J. A. Wkeelock, for the 
year ending Jan. 1st, 1860, 8vo. pp. 171. 

Minnesota. Its progress and capabilities. Being the second an- 
nual report of the commissioner of statistics for the years 1860 and 
1861. By J. A. Wheelock. 8vo. pp. 126. 

Notes on the geology of some portions of Minnesota from St. Paul 
to the western part of the state. By James Hall, 1866, 4to. pp. 12. 
Read June 15, 1866, before the Phil. Soc. of Philadelphia. 

Survey of the upper Mississippi river. Letter from the secre- 
tary of war in answer to the resolution of the House * * * 
with general Warren's report of the surveys of the upper Missis- 
sippi river and its tributaries, 8vo., pp. 116, Sen. Doc. 39kh Cong., 
2d Sess. Feb. 15, 1867. 

8 
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Report of Oen, Warren on the survey of the upper Mississippi 
river^ for the year ending June bO^ 1867^ 8vo. pp. 6. [Printed in 
appendix ^^D," report of the chief of engineers; and as Ex. Doc, 
No. 1. House of Reps., 40th Cong., 2d Sess., Sept. 14, 1867.] 

Report of Gen. Warren on the survey of the upper Mississippi 
river for the year ending ?. Svo. pp. 10, 40th Gong., 2d sess. Ex. 
Doc. 247. Aprils, 1868. 

Report of Gen. Warren for the year ending June 30^ 1868^ on the 
survey of the upper Mississippi river. 8vo. pp. 86. [Printed in 
appendix " G," report of chief of engineers; and as Ex. Doc. 1, Part 
II., House of Reps., 40th Cong., 3i sess., Aug. 31, 1868. J 

On certain physical features of the upper Mississippi river. By 
Gen, G. K. Warren. Read by Gen. Warren before the Am. Assoc. 
Adv. Sci., Aug., 1868, Chicago, 111. [Printed only in the American 
Naturalist for November, 1868.] 

Geology of southern Minnesota. A series of five papers by W. D. 
Hurlbut, published in the 4th volume of the Minnesota Teacher, 
1871. 

Geological rambles in Minnesota. Two papers published in the 
4th volume of the Minnesota Teacher, 1871. By J. H. Kloos. 

A Cretaceous basin in the Sauk valley, Minnesota. By J. H. 
Eloos. A paper published in the Am. Journal of Science and Arts, 
Jan. 1872, dated October, 1871. Condensed and republished in the 
Minnesota Teacher, vol. 5., 1872. 

The first State Legislature met in 1859. Although it was bur- 
dened with the legislation incident to the organization of the vari- 
ous institutions of the new State, the subject of a geological survey 
and its evident importance to the material development of the State, 
received due attention. A law was passed ordering at once a re- 
priat of portions of the geological report of Wisconsin, by professor 
Daniels, for the years 1854 and 1858. This republication, printed 
in 1860, contained Prof. Daniels^ '^Sketch of the Lead Region,^* 
with notes on the evidences of iron ore, which closed with a state- 
ment of the "objects of a geological and natural history survey," 
embracing 34 pp. It also embraced a paper, read before the Amer- 
ican Geographical and Statistical Society on the 31st of January, 
1856, by Mr. A. S. Hewitt, on the " Statistics and History of the 
production of iron." pp. 47. Five hundred copies ordered printed. 
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The second Legislature passed March 10, 1860, a concarrent res- 
olotion providing for ''GommissioDers'* to report on the geology of 
the state, and to submit a plan for a thorough geological survey of 
the state. The commissioners appointed were Charles L. Anderson 
and Thomas Clark. These gentlemen submitted separate reports 
under the date of Jan. 25, 1861, making an octavo pamphlet of 
96 pages, of which 2,000 copies were ordered printed. This pam- 
phlet embraces a chapter on the general geological features of Min- 
nesota^ and one on Sk plan for a geological survey ^ by. Mr. Anderson; 
also one by Mr. Clark on the meteorology of the state, and another 
on some general topographical and geographical features of the 
northeastern portion of the state. 

The report of the state geologist, Aug. H. Hancbett, M. D., is a 
pamphlet of 82 pages, 8vo., and is dated New York city, Nov. 13, 
1864. It was made in pursuance of executive instructions bearing 
date July 12, 1864. It contains a short report of ten pages, by Dr. 
Hanchett, and a valuable report by Mr. Clark on (1) The phys- 
ical geography of the district embraced in that portion of the state 
bordering on lake Superior, (2) A discussion of the meteorology 
of the district. (3) A list of the leading plants and trees of the 
district. 500 copies printed. 

The first report of H. H. Eames, as state geologist, was made in 
pursuance of an act of the seventh Legislature, and printed in 1866. 
Two editions of 3,000 copies each' were ordered. It is a pamphlet 
of 23 pages, and pertains specially to ^^ The metalliferous region 
bordering on lake Superior.^'' It gives the details of personal ex- 
plorations and the results of chemical assays of ores lor the precious 
metals. 

Report of explorations in the mineral regions of Minnesota^ during 
the years 1848, 1859 and 1864; by Col. Chas. Whittlesey. Printed 
by order of the legislature in 1866, 8vo. pp. 52, close type, with 
wood-cut illustrations. 3,000 copies ordered. 

This, by far the most valuable state document pertaining to the 
geology and natural history of the state that has yet appeared, em- 
braces short chapters as follows: General geology; phenomena of 
the drift period; general elevations in Minnesota; fluctuations in the 
level of the lakes; clhnate. 
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Notes on the valley of the Baraf^as river. 

Kawimbash river. 
" " Two Islands river. 

" " Manedowish river. 

Baptism river. 
'* " Palisade river. 

" " Beaver nver. 

" " Low Bush river. 

" " Encampment river. 

'' " French river. 

" " Enife river. 

" " Sucker river. 

'* *' Henry Schmidt's river. 

Hollow Rock river. 
'' " St. Louis river. 

*' " Rainy Lake river. 

Notes on the shores of the Esquamega, Vermilion and Crane lakes 
and on the cost of mining copper. 

Geological reconnoissance of the northern^ middle and other coun- 
ties of Minnesota. By Henry H. Eames, state gfeologist, printed in 
1806, 8vo., 58 pp. This pamphlet comprises the second, and last, 
report of Mr. Eames. It embraces: 

A brief outline of the different formations or systems of rocks 
that form the crust of the earth; remarks on the igneous, the coal- 
bearing, and the sandstone and limestone rocks of the state; also 
on peat; on mineral and fissure veins; on agricultural chemistry; 
on a geological reconnoissance ^*in detail'* of the counties of St. 
Louis, Lake, Itasca, Cass, Todd, Otter Tail, Douglas, Stearns, 
Morrison, Benton, Sherburne, Redwood, Cottonwood, Ramsey and 
Washington; together with results of assays and thermometrical 
and barometrical observations in the months of June, July and 
August. 

Copper-bearing veins having been discovered in the valley of the 
Kettle river, and at Taylor's Falls, in the valley of the St. Croix 
river, the Legislature passed, Mar. 2, 1865, an act to aid in their 
investigation. The report of Mr. N. C. D. Taylor, the following 
year, consists of only two pages, incorporating Mr. James Hall's 
estimate of the copper prospects of that district. 500 copies printed. 
Indications of brine having been discovered at Belle Plaine, in 
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Scott county, the Legislature passed, 28th day of February, 1870^ 
an act appropriating land in aid of a boring for the purpose of de- 
veloping the salt, should any exist. In 1871 another similar ap- 
propriation was made by the legislature, conditional on a favorable 
report by a competent geologist, to be appointed by the governor. 
Prof. A. Winchell, of Ann Arbor, Mich., having been so appointed, 
made the required examination; and his report, dated June 17, 1871, 
was printed by order of the Senate. It is an 8vo. pamphlet of 16 
pages. Notwithstanding the unfavorable opinion of the geologist, 
the Legislature made the further appropriation, Feb. 29, 1872, of 
six other sections of ^^ state salt lands," for the further sinking of 
the well, making eighteen sections or eleven thousand three hun- 
dred and twenty acres of land in all. No brine in workable quan- 
tities was obtained. 

The same legislature passed, March 1st, 1872, the present com- 
prehensive law placing the geological and natural history survey 
under the direction of the board of regents of the state university. 
This law reads as follows: 

GENERAL LAWS OF MINNESOTA, 1872, CHAPTER XXX. 

An Act to provide for a geological and natural history survey of 
the state and to entrust the same to the University of Minnesota, 

Be it eruicted by the Legislature of the State of Minnesota: 

Section 1. It »hall be the duty of the board of regents of the 
Uuiversity of Minnesota to cause to be begun as soon as may be 
practicable, and to carry on a thorough geological and natural his- 
tory survey of the state. 

Sbo. 2. The geological survey shall be carried on with a view 
to a complete account of the mineral kingdom as represented in the 
state, including the number, order, dip, and magnitude of the sev- 
eral geological strata, their richness in ores, coals, clays, peats, 
salines and mineral waters, marls, cements, building stones and 
other useftil materials, the value of said substances for economical 
purposes and their accessibility; also an accurate chemical analysis 
of the various rocks, soils, ores, clays, peats, marls and other min- 
eral substances, of which complete and exact records shall be made. 

Seo. 3. The natural history survey shall include, first an exam- 
ination of the vegetable productions of the state, embracing all 
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trees, shrubs, herbs and grasses native or nataralized in the state; 
second, a complete and scientific account of the animal kingdom as 
properly represented in the state, including all mammalia, fishes, 
reptiles, birds and insects. 

Sro. 4. The said surveys and examinations shall be made in the 
manner and order following: first, the geological survey proper, 
together with the necessary and implied mineralogical investiga- 
tions, all of which shall be undertaken as soon as may be practica- 
ble, and be carried forward with such expedition as may be con- 
sistent with economy and thoroughness; second, the botanical ex- 
aminations; third, the zoological investigations; provided, however, 
that whenever the said board of regents may find it most econom- 
ical to prosecute difierent portions of the surveys in conjunction, 
or that the public interest demands it, they may, in their discretion, 
depart from the above prescribed order. And in the employment 
of assistants in the said surveys, the board of regents shall at all 
times give the preference to the students and graduates of the Uni- 
versity of Minnesota, provided the same be well qualified for the 
duties. 

Sec. 5. The said board of regents shall also cause to be collected 
and tabulated such meteorological statistics as may be needed to 
account for the variety of climate in the various parts of the state; 
also to cause to be ascertained [by] barometrical observations or 
other appropriate means the relative elevations and depressions of 
the difierent parts of the state; and also on or before the completion 
of the said surveys, to cause to be compiled from such actual sur- 
veys and measurements as may be necessary, an accurate map of 
the state, which map when approved by the governor shall be the 
official map of the state. 

Seo. 6. It shall be the duty of said board of regents to cause 
proper specimens, skillfully prepared, secured and labelled, of all 
rocks, soils, ores, coals, fossils, cements, building stones, plants, 
woods, skins and skeletons of animals, birds, insects and fishes, and 
other mineral, vegetable and animal substances and organisms dis- 
covered or examined in the course of said surveys, to be preserved 
for public inspection free of cost, in the University of Minnesota, 
in rooms convenient of access and properly warmed, lighted, ven- 
tilated and furnished, and in charge of a proper scientific curator; 
and they shall also, whenever the same may be practicable, cause 
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duplicates in reasonable numbers and quantities of the above 
named specimens, to be collected and preserved for the purpose of 
exchanges with other *state universities and scientific institutions, 
of which latter the Smithsonian Institution at Washington shall 
have the preference. 

Sbo. 7. The said board of regents shall cause a geological map 
of the state to be made, as soon as may be practicable, upon which, 
by colors and other appropriate means and devices, the various ge- 
ological formations shall be represented. 

SEa 8. It shall be the duty of the said board of regents, 
through their president, to make, on or before the second Tuesday 
in December of each and every year, a report showing the progress 
of said surveys, accompanied by such maps, drawings and specifi- 
actions as may be necessary and proper to exemplify the same to 
the governor, who shall lay the same before the legislature; and 
the said board of regents upon the completion of any separate por- 
tion of the said surveys, shall cause to be prepared a memoir or 
final report, which shall embody in a convenient manner all useful 
and important information accumulated in the course of the inves- 
tigation of the particular department or portion, which report or 
memoir shall likewise be communicated through the governor to 
the legislature. 

Seo. 9. To carry out the provisions of this act the sum of 
one thousand dollars per annum is hereby appropriated, to be 
drawn and expended by the [said] board of regents of the Univer- 
sity of Minnesota. 

Sec. 10. This act shall take effect and be in force from and 
after its approval. 

Approved March 1, 1872. 
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GENERAL PRINCIPLES. 



The science of geology is based on those general principles 
which, resalting from the accumulated observations of its advocates 
during the last half century, have become to the geologist himself 
the merest alphabet to which he seldom recurs in the prosecution 
of his more advanced investigations. The following brief state* 
ment of those principles is here given for the benefit of those per* 
sons who are not specially acquainted with the science, but yet are 
fascinated, perhaps, by its wonderful progress, and its success in 
utilizing its discoveries to the general good, and wish to compre* 
hend at a glance the sub-structure on which it is built. It is not 
an occult science. Its data are open to the investigation of the 
commonest observer. It is founded on such simple things as the 
running of brooks, the blowing of winds, the rippling of waves, 
the shining of the sun, the cooling of heated matter, the growth 
of vegetation and the death of animals that live oh land and in the^ 
sea. These everyday operations have giveu to the earth its exter- 
nal aspects, and have left their history in the rocks. The con- 
stancy of the present laws of nature through the lapse of the geo- 
logical agfis, is a pre-requisite to the existence of the science. 
Time, as the word is commonly understood, must be immensely 
lengthened out. These two postulates granted — that time is hng^ 
and that the physical laws of the universe have been constant through' 
out tiine—widi nothing more is needed for the foundation of the 
science. The geologist, with these postulates, and by the aid of a 
knowledge of the physical laws of nature derived from a compre- 
hensive examination of the earth in the light of all the sciences, 
may read in the rocks the grand changes the earth has undergone 
since ^^the beginning." The failure to comprehend the science of 
geology is very often attributable to a restricted acquaintance with 
^ the principles of other sciences which it involves; for however 
simple the first process in which it begins, those processes are. 
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Iftn duly amplified, very often the starting points of other sci- 
^ which first grew up, expanded and usurped the whole field of 
#ntific thought. It is a simple thing to observe the growth of 
^ant from the seed — it is another to know the relations of that 
int to others by which it may be surrounded, and by botanical 
i^sification to define its nature and structure. It is an easy thing 
see the effect of the sun^s rays on the vegetation of the earth, 
id to comprehend the cause for the change of the seasons, as well 
» to note the alternations of day and night, but the versed astron- 
Her only can realize the full force of the great laws involved in 
|ese changes, and indicate their eftect on the earth when acting 
irough the lapse of afi:es. It is an easy thing to note the freezing 
y of the streams, and their bounding violence on being released 
t the spring; to see the destruction of forests by tempests and by 
Ires; to observe the blowing of sands and the dashing of waves; 
|at, although these things are very simple, the science of meteor- 
logy is too abstruse to be even fairly appreciated by the common 
nind. The rusting of iron, the decaying of wood, the cementation 
if gravel by percolating water, the demolijbion of rocky outcrops 
nd their conversion into soil by the solvent action of the moisture 
I the air and of overflowing streams, are things of common and 
asy observation, but the science of chemistry, in the light of which 
hey alone can be adequately understood, is the outgrowth of the 
aws of occult affinities between the particles of matter, the full 
lower of which it is impossible to estimate, and much more to ex- 
cess. Thus all the sciences, and notably that of zoology, have 
ielded up to the geologist their keys to the arcana of nature, and 
ave assisted in interpreting the otherwise unintelligible records 
rhieh lie in the rocks of the earth. The geologist must not be re- 
tricted to the mere inspection of the rocks, for he has to question 
he botanist, the chemist, the zoologist, the astronomer, and the 
eneral physicist. These are in a broad sense his aids. By his 
eneralizations the society of the sciences is made evident, and 
3me of their varied bearins^s one upon the other are adjusted, and 
xpressed in their full significance. In return the science of geol- 
gy reflects light on the other sciences. It gives greater value to 
he labors of the mineralogist, guides the miner in his explorations, 
pens fields for investigation to the chemist, shows the botanist 
nd the zoologist thousands of unnamed and unclassified species. 



42 AVKUAL BSPOBT. 

propounds to the astronomer the glacial epoch for explanation, aad 
explains to the agricnltarist the true basis of the difference in sofli. 

The rocks which are classed, in general, as Granitic and JMs* 
tnorphic are those which appeared first abo^e the waters of the nai» 
yersal ocean, or have since been upheaved by internal foroes from 
the heated mass within the crust. In the former case th^ htm 
been dry land since they first appeared above the ocean, and havs 
supplied largely the materials of the later, overlying, sedimentaiy 
formations. la the latter case they have been protruded upwaid 
through the sedimentary rocks, tilting them in various direcliona 
aud so fracturing their bedding as to disclose their contents to thd 
geologist. Bound the bases of these early granitic areas the car* 
rents of the ocean, driven by the rising and falling of the tides, I^ 
the rotary motion of the earth, and by the unequal distribution of 
the heat of the sun, flowed with an unceasing activity, and the tu« 
multuous waters beat with a violence that probably is never wit- 
nessed in modern days. They were thus gradually torn down, and 
their debris was spread over the uneven ocean bed in horizontal 
layers according to the direction and force of the currents. In 
that manner the primordial, or Potsdam^ sandstone was formed. 
It hence everywhere lies at the base of the evidently sedimentary 
rocks. It teas deposited in the bed of the ocean. If it now appears 
as dry land, it is because the ocean^s bed has risen above the water 
level. The history which may be read from it is that of the ocean^s 
bed. It tells of deep waters and shoal waters, of muddy bottoms 
and stony bottoms, of warm, drying sunshine and gentle winds, of 
violent currents and stormy seas, of impure waters heated by fre- 
quent ejections of sulphurous gases from below the thin crust, and 
of chemical reactions that to-day are the familiar steps of the labo- 
ratory. It reveals the earliest of created beiugs. They lived in 
the ocean. Their remains are dug out of the hardened sediment 
by the geologist, and he calls them fossils. * 

The changes that continued to go on in the conditions of the 
earth, owing to the cooling and the shrinking of the interior, 
effected various changes in the relative prevalence and positions of 
the land and water. Additional dry land appeared, thus bringing 
from the bed of the ocean a part of the freshly lormed Potsdam 
satidstone. A period of repose sufficed for the deposit of the calca- 
reous material of the Lower Magnesian^ which next overlies the 
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Potsdam. This, howeyer, was not spread over the earlier sand- 
atone, except where the latter still extended below the ocean. It 
was accompanied with new and more abundant forms of animal 
life, 8o that it may be certainly distingaished from the foregoing 
and from the succeeding formations. The conditions of the oceanic 
waters were such that chemical reactions resulted in the precipita- 
tion of the carbonates of lime and magnesia. Silica, also, seems to 
have been in solution, and to have shared in the incessant changes 
in the surrounding affinities. These three substances, with some 
iron and traces of alumina and manganese, make up the mass of 
the Lower Magnesian limestone. The prevalence of silica in the 
form of sand gives it also the name of Calciferous sandrock. The 
chert, in its lower portions, is also largely composed of siliceous 
material. 

To the Lower Magnesian succeeds the St. Peter sandstone. 
That in turn is followed in ascending order by the Trenton shales 
and limestones. Thus, through the whole thickness of the strati- 
fied rocks of the earth, each formation marks an epoch in the his- 
tory of the ocean^s bed. The dry land constantly increased in 
area, gradually bringing to the surface the sediments of the latest 
preceding epoch. Hence the areas of the various formations are 
arranged over the face of the country in broad belts in consecutive 
order, revealing the (^chronological system as well as the territorial 
accessions with which the continent grew. 

The rocks thus deposited in the bottom of the ocean, and subse- 
quently raised to the level of dry land, are called stratified or aque- 
ous, in distinction from the earliest, or igneous, which show no 
arrangement into beds. The lowest sedimentary rocks are locally 
so changed by contact with escaping gases and molten material as 
to essentially alter their usual character. The limestones have 
been converted to saccharoidal marbles^the sandstones to quartzy tes, 
the clays and shales to slates, while many of the earliest are also 
entirely changed by chemical transformations among their ele- 
ments, resulting from the same grand agencies, to schists and even 
gneiss, mica and hornblende slate, that can hardly be distinguished 
from some of the igneous rocks themselves. The geologists of Can- 
ada even report granite and syenite, pertaining to the Laurentian, as 
metamorphic sedimentary rocks. (See Geology of Canada, 1863, p.23) 

It is evident that when the true succession of the rocks of the 



44 JJXmJAL BEPOBT. 

earth has once been made oat by the study of their permanent 
characters, the geologist may enter any country however remote 
or unknown and enter fearlessly on the work of deciphering the 
age of its rocks, depending solely on the unirersality of the grand 
principles of his science. 

A complete geological history of the past can be read from the 
rocks of the earth only by the study of causes and effects operating 
in the present. In order to that a perfect acquaintance with the 
various departments of natural science becomes essential. The 
laws of physics, chemistry and astronomy have with their multi- 
form ramifications played as important parts in the early geolog- 
ical ages as they now play in the transactions of every day. The 
natural forces concerned in vegetable growth, distribution and 
decay, are involved in the deposition and preservation of the coal 
rocks in their proper horizon. Hence botany with its allied sub- 
ject, meteorology, is embraced in a perfect knowledge of geology. 
The identification of the rocks of the great Coal Period^ as distin- 
guished from others containing coal, is based on a botanical law, a 
distinction in plants. As to zoology, that subordinate department 
derives much of its significance and value from the uses it sub- 
serves to geology. Its nomenclature, and its principles have been 
wonderfully modified and extended by the discovery and proper 
classification of the animal forms embraced in the strata of the 
earth's crust, while the science of zoology famishes to the geolo- 
gist the only reliable key to the establishment of the age of any of 
the stratified rocks of the earth. All characters, except those 
known as paleontological, fail of permanence, and cannot be de- 
pended on at distant points. A geological survey cannot be con- 
ducted, much less completed, without a full examination and delin- 
eation of the animals and plants that are preserved in the rocks 
surveyed. The dead past far outnumbers the living present. It is 
with the greatest propriety that botanical and zoological depart- 
ments are usually attached to the geological surveys undertaken 
by the various states of the union, intended to embrace also the 
enumeration of living species. 

The subjoined chart of geological nomenclature is intended to 
convey an idea of the relation of Minnesota to the great geological 
series of the earth, and to express the probable equivalency of some 
of the names which the formations have received in different states 
and in Europe. 
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m. 



THE SURFACE CONTOUR OF THE STATE. 



The intimate relation subsisting between the geology and the 
topography of the state is more evident than in some of' the other 
states of the union. The causes which determine the location of 
the great continental water-shed are those which determined the 
existence of the Laurentian and lake Superior ranges of igneous 
and metamorphic rocks. The area of these rocks in Minnesota, as 
well as in Wisconsin and Michigan, includes some of the sources 
of the great river systems of the Northwest and of the continent. 
From this area, since pre-Silurian times, streams have run in all 
directions toward the ocean. Within this area, in the state of 
Minnesota, are the headwaters of the St. Lawrence system of 
drainage, which enters the Atlantic ocean toward the east; those 
of the Mississippi which enters the gulf of Mexico toward the 
south, and those of the Bed river of the North, which, taking an 
opposite course, finds the ocean level toward the north, through 
Hndson^s bay, in British America. This watershed consists not in 
the form of a definite and abrupt ridge. The oldest rocks are, on 
the contrary, spread out over a very extensive region of flat and 
often prairie country. Occasional knobs of these rocks protrude 
through the drift, or they show extensive tracts of denuded surface, 
rising but few feet above the surrounding level. 

While in general these rocks form the principal watershed, in 
8«)me parts of the state the later sedimentary rocks rise much 
higher and give origin to numerous streams which reach the main 
valleys at considerable distance from the granite areas. Such an 
elevated area of sedimentary rocks occurs in southern Minnei«ota, 
forming there the summit of a second water-shed. Freeborn, Fari- 
bault, Martin and Cottonwood counties are probably the most ele- 
vated in the state, the altitude there reaching nearly 1,600 ieet 
above the ocean. How much of this extraordinary elevation is 
due to a moraine-like accumulation of drift, it is impossible to say. 
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but probably the average thickness of that deposit would not fall 
short of one hundred feet. Streams from this area enter Iowa 
tbward the south, some also running northward and joining the 
Minnesota river. The course of the surface drainage is in this 
case dependent very little on the character of the underlying rock. 
But where the drift is lighter, the direction of subordinate streams 
is often determined by the bearing of the sedimentary rocks. A 
stream is most likely to be located in the depression caused by the 
erosion or other destruction of the outcropping edge of a soft or 
friable rock, the more persistent formation adjoining it, above and 
below, fotming the divides between it and other stn^ams. Other 
causes, however, principally those superinduced by undulations in 
the strata over long distances, so as to cause them to leave the di- 
rection ot the principal or tributary valleys, and the variations of 
level brought about by the unequal deposition of the drift during 
the prevalence of the ice of the glacial epoch, have very generally 
masked the effect of unequal erosion of the strata on the direction 
of surface drainage. One remarkable instance of the effect of geo- 
logical causes in determining the location of valleys, and hence of 
drainage streams, through variations in the hardness of the nnder- 
lying rock, may be mentioned. The Mississippi river, from a short 
distance below the mouth of the St. Croix to the southern bound- 
ary line of the state, and to the mouth of the Wisconsin river 
which joins it at Prairie du Chien from the east, flows through a 
tract of country in which the drift forces acted with far less vio- 
lence than in other tracts further to the east or west, or even 
further to the south. Whatever may be the cause of the compar- 
ative exemption of this district from the prevalence of the drift in 
that latitude in other parts of the United States, it is a fact so 
observable that Mr. J. D. Whitney, some years ago, denominated 
it a '^driftless region,^^ where it enters the state of Iowa. Hence it 
is here, if anywhere, that the character of the underlying rock 
would influence the direction of drainage. Throughout this 
distance the bluffs of the Mississippi are specially elevated and 
rocky. The river has not infrequently cut into the formations, 
with which it comes in contact, a perpendicular depth of over Bix 
hundred feet, excavating a channel often of four or five, and some- 
times of nearly ten miles in width. Sometimes old channels that 
have been abandoned lie along one side, or both, and are filled 
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with water only during the freshet season. Throughout this dis- 
tance it follows exactly the strike of the Lower Silurian rocks. 
The SL Peter sandstone^ on which it enters at St. Anthony^s falls, 
is underlain by a very enduring rock known as the Lower Magne- 
sian limestone. That, in order, is also underlain by the more 
erosible sandstones of the St. Croix valley. Hence we have an en- 
during limestone rock intercalated between two easily destructible 
sandstones. Yet it is a remarkable fact that this limestone, the 
strike of which would ordinarily form, under the operation of nat- 
ural causes, a ridge or divide turning the surface waters in opposite 
directions into the valleys of the sandstone areas, forms the sum- 
mits of the river blufb nearly the whole distance. The river has 
not only cut its channel through the first sandstone, a thickness 
of over one hundred feet, and the Lower Magnesian Ivnestone^ a 
thickness of about three hundred feet, but also into the lower 
sandstone to the depth of two or three hundred feet, on which 
it is now running. At the present time the river lies in the 
strike of the more enduring limestone, the overlying sandstone 
having retreated from the immediate river banks. Its agency in 
locating the river is only manifest by the existence to the present 
day, of isolated outliers of it, in the form of the well known 
''Trenton mounds,*^ on the eastern side of the river, its present 
line of outcrop running some miles further west. While the river 
has been slowly wearing its way into the Lower Magnesian lime* 
stone^ and through it into the St. Croix sandstone^ on the line 
where the overlying St. Peter sandstone predetermined it, the St, 
Peter itself has almost entirely disappeared from the river, and 
been lost under the attacks of the elements, its substance having 
been spread over the high prairies, or on the low bottom lands, as 
the principal ingredient of the rich loams which characterize that 
portion of Minnesota. Hence we also have the singular phenom- 
enon of a slight' descent in the surface of the country westward 
from the tops of the bluffs of the Mississippi, in southern Minne- 
sota, while the streams tributary to it actually reach it by flowing 
to the east. This can be explained only on the supposition that 
the St. Peter sandstone formerly had its outcrop about where the 
Mississippi now runs, forming then there, as it forms now along 
its line of junction with the Lower Magnesian limestone, a marked 
depression in the general surface, but that in the lapse of time its 
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line of outcrop, and necessarily that of all orerlying rocks, was 
driven, by the operation of destructive agencies, farther to the 
west, leaving the next lower formation to round out the blufis 
along the river. The tributary streams, having once entered the 
Mississippi from the west, would keep their beds also eroded down 
to a level with that river, and would continue to enter that stream 
by passing in like manner between high and rocky banks, which 
would attain their greatest bight just at their union with the 
bluf& of the Mississippi. At Prairie du Chien the direction of the 
strike of the St Peter sandstone^ and of all the Silurian rocks 
changes, and passes away from the Mississippi valley toward the 
east. But the Wisconsin river bears the same relation to the St 
Peter sandstone^ running along its ancient line of bearing, its main 
outcropping edge being driven away from the immediate valley 
toward the south, while outliers on the northern side attest its 
former prevalence intact over the whole valley. 

Enough has been said to show the importance of a knowledge of 
elevations above a common level at all ascertained points through- 
out the state. Efforts have been made to obtain the hypsometrical 
data of the state complete up to the present time, so far as indica- 
ted by railroad or other surveys. The following list of elevations 
is the result. To this list additions will be made from time to 
time. The figures show the altitudes of the points named above 
lake Superior, and above the ocean. When not otherwise men- 
tioned, the points given are on the grade of the road. 
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On the line of the Lake Superior d- Mississippi R. R. 



FCTBNISHED BT A. J. HILL. 



Miles 

from 

Dulnth. 







21 

83 



45 
60 

78 



80 
86 

90 
101 



113 

125 
125 
129 
132 

133K 



137Ji 
142Ji 

M53^ 

151 
154 

154 



Surface of lake Superior at Duluth m 1870 

Dulnth 

ThomHon. Dalles of the St. Louis river 

Hifrhest point on entire line, both of grade and na- 
tural surface 

Moose Lake depot 

Kettle River depot. (Ground a little to the north 
and south is 15 to 20 feet higher) 

Hinckley, at Grindstone river 

Lowest place between Hinckley and next summit, 
grade 

Summit, grade 

Summit, (20 feet higher than at ^ mile to the N. 
or S.), grade 

Pine City, at Snake river 

Two and a half miles south of Snake river, at sum- 
mit, grade 

Rush City, at creek 

Descending gradually from Rush City to Goose 
creek 

Goose creek, grade ... 

Between Goose creek and N. Branch 

N. Branch der ot 

Between N. Branch and Wyoming 

Wyoming, at the river, graae 

Wyoming depot 

Forest Lake depot 

Summit between Forest Lake and Rice creek 

Rice creek, grade 

Country generally level for five miles south of Rice 
creek. 

Centerville depot 

White Bear, junction to Stillwater 

Summit between White Bear lake and St. Paul (8 
feet cut), grade 

Between rhalen's lake and St. Paul 

Lowest known water in Miss. R.*] 
at St. Paul I Extreme range ) 

Highest known water in Miss. | 19 feet. f 
R.at St. Paul J 



Feet 
above 
lake Su- 
perior. 





6 

430 

569 
462 

428 
429 

408 
418 

388 
347 

381 
314 



289 
318 
292 
309 
291 
294 
307 
352 
319 



329 
332 

362 
273 

81 

100 



Feet 
above 

the 
ocean. 



602 

608 

1032 

1171 
1064 

1030 
1031 

1010 
1020 

990 
949 

983 
916 



891 
920 
894 
911 
893 
996 
909 
954 
921 



93* 
934 

964 
b75 

683 
702 
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On the line of the Northern Pacific R. R, 
FURNISHED BY W. MILNOR ROBERTS, CHIEF ENGINEER. 



Miles 

from 

Duluth. 





24 
24.2 
27 
34 
34.1 
41.7 
44.7 
46 
51.7 
51.9 
55.2 
58.1 
62.2 
62.8 
65.4 
72.3 
73.8 
76 
76.5 
80.8 
8:3.5 
85.3 
87.1 
87.7 
90.2 
91.8 
97.5 
98.2 

103.6 

115 

J15.5 

120.6 
120.9 
122.5 
124.7 
127.6 
128.2 
135.5 
136.5 
137.1 
141.5 
143.3 
150.9 
151.3 
.151.5 
155.3 
15t5.5 
158.2 



Duluth (level of L. Superior) about 

Junction (natural ground) 

Junction (grade) '. . . 

Otter creek (bed of creek) 

(natural ground) 

Norman (grade) 

Kettle river (bed of the river) 

(natural ground) 

Island lake (grade) 

Tamarack river (bed of the river) 

(natural ground) 

(natural ground) 

Sicottes (grade) 

Hay river (bed of the river) 

(natural ground) 

Sandy river (bed of the river) 

(natural ground) 

(natural ground) 

Kimberly (grade) 

Rice river (bed of the river) 

(natural ground) 

Sisabagama creek (bed of creek) 

(natural surface) 

Aitkin (grade) 

Mud river (bed ot the river) 

(natural ground) 

Cedar river (bed of the river) 

(natural surface) < . . 

Deerwood (grade) 

(natural surface) 

Brainerd (grade) ; - • 

Mississippi river (bed of river) 

Banks of the Mississippi river (grade). 
Frenchman's (grade) • 

(natural ground) 

Gull river (bed of the river).. 

(natural ground) 

Pillager creek (bed of creek) 

Pillager (grade ) • • • 

(natural ground) 

Crow Wing nver (bed of the river). . . . 

Motley (grade) • • • 

(natural ground) 

Hayden's branch (bed of creek). 

(natural ground) 

Aldrich (grade). . . . . ••••.•••• 

Partridge river (bed of nver). 

(natural ground) 

Wing river (bed of river). 

(natural ground) 



Above 
lake Su- 
perior. 



Above 

the 

ocean. 






602 


479 


1081 


480 


1082 


526 


11^ 


733 


1335 


722 


1324 


685 


1287 


729 


1331 


705 


1.307 


685 


1287 


709 


1311 


678 


1280 


665 


1267 


622 


1224 


638 


1240 


613 


1215 


612 


1214 


660 


1262 


631 


1233 


603 


1205 


648 


1250 


600 


1202 


635 


' 1237 


602 


1204 


586- 


llb8 


618 


1220 


593 


1195 


699 


1301 


666 


1268 


697 


1299 


604 


1206 


5-% 


1140 


604 


1206 


599 


1201 


606 


1208 


561 


1163 


604 


1206 


566 


1168 


580 


1182 


622 


1224 


597 


1199 


6^0 


1222 


650 


1252 


624 


12*26 


742 


1344 


726 


1328 


704 


1306 


747 


1349 


712 


1314 


757 


1359 



UKIVBRSTTY OP UIlTirBSOTA. 

On iht line of I le Narihem Pacifie R. H.—i 



Miles 

Ouluth. 1 



il .:! Union creek (bed of creek) 

ll.ylWadeoft (amde) 

f4.1 inntuml sraunci). . . . 

16.4 Leaf river (bed of river) 

'4.fi'NeK York Millx (Bmde) 

'7.2 (natural ground) 

13.4 Ott«r Tail river (bed of nver) 

15.5 Perham (grade) 

n.T (natural ground) 

ta.eOtterTail river (bed of Ihe river) .. 

to. 4 Hobart (trrade), 

16.1 (natural ground) 

«. blotter Tail river (bed ot the river) . 
11.4' (natural uronnd).,. . 

lo.Si Pelican river (bed of the river) 

e.&Detroit (ifrade) 

.0.7i (natural cround) 

O.90aktake (irrad.?) 

3.6 Andubon (grade) 

.4.7 (natural eround) 

.7 (natural ground),.. . 

.9. 2!Luke Park ((trade) 

!4.2'Hay creek (bed of crrek) 

16.6'Hav creek (bed of crwk) 

!7.4 Buffalo river (bed of river) 

10.] Buffalo river (bed of river) 

10.4 Hawley (sradel 

i|.4, (natural i^round) — 

14-!*:Muskoda (grade) ...- ... 

18.3 Buffalo river (lied of rivei) 

t2 Red rivet data (natural groundj . . . 

kt-gGlyndon (grade) 

)2 Moorhead (grade) 

B.2 Red river (bed of river) 

Red river bankw (natnral gronndl.- . 



1322 
1.3M 
1356 



1337 
1386 
1404 
1.S55 
1422 
1339 



1310 
1269 
1350 



1152 
11.S4 
1162 

1197 
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On the line of the St. Paul d- Sioux City and Sioux City d- St. Paul R, R.'s. 



FURNISHED BY HON. E. F. DRAKE. 



Miles 

from 

St Paul. 



47 

62 

58 

63 

69 

77 

86 

90 

100 

110 

121 

180 

137 

143 

148 

154 

160 

170 

178 

188 

196 

245 



Belle Plaine 

Blakely 

East HeDderson 

Le Sueur 

Ottawa 

Easota 

Mankato 

South Bend — 
Lake Crystal — 

Madelia > 

St. James 

Butt»rfield 

Mountain Lake. 
Bingham Lake.. 

Windom 

Wilder 

Heron Lake. — 

Hersey 

Worthinfcton . . . 

Bigelow 

Sibley 

Le Mars 



Above 


Above 


lake 


the 


Superior 


ocean. 


123 


725 


126 


728 


132 


734 


151 


753 


188 


790 


198 


800 


189 


791 


206 


808 


392 


994 


419 


1021 


471 


1073 


582 


1184 


698 


130O 


818 


1420 


751 


1353 


846 


1448 


815 


1417 


883 


1485 


980 


1582 


1029 


1631 


907 


1509 


619 


122i 



St. Paul d Pacific R, R.—Main line. 

FROM THE BEOORDS IN THE OFFICE OF THE CHIEF ENGINEER, C. A. 

F. MORRIS. BY N. H. W. 



Miles 

from 

St. Paul. 










5 
g.5 




Low water in Mississippi river at St. Paul 

St. Paul depot 

Baiie of the capitol, St. Paul 

Bluffs back of the capitol — 

Head of Robert street 

Summit avenue bluff 

Summit between St. Paul and St. Anthony (3 feet 

cut) 

Junction at St Anthony 



81 
102 
190 

308 
318 

328 
240 



Above 

the 
ocean. 



683 
704 
792 

911 
920 

930 

842 



UH1TEE3ITY OF MIVHEa'JTA. 
Paul it PacitU R R — .tfnrn hne—eonlinu 



Above 
[ Jake 
Sopenor 



Uissuaippi R. (low nater) at Nicollet ieland, E 
Anthony 

Minneapolis etatioD 

Misaiasippi R. (low water) half mile below St. Ai 
thoDj fallH 

Selfa lake (waU'r) 

Wiiyzati station 

Lake Minaetonka (water) 

Lone Lake station 

(^row HivercrosBinK (track) 

Delano 

Wavarly station. 

Twelve Mile creek (track). 

Howud lake 

Smith lake 



JO Sacker creek (track) 

SO Sucker creek (water) 

Jl Cokato 

H ColliDwood creek (track) 

nw 

)8;6 Level of mareb 

J9.6 

li 'Darwin (Bi(t prairie) 

i9 LitebSald station 

W Swede Grove station. 

J9 Anderson's hill (cnt 13 feet) 

)1 Saoimit (Atwater) 

J2 CntlO^feet 

)''i-5 Hifrbniit point on lice (cut3 feet) 

& Verf rolling surface to Kandiyohi station 

B Willmar station (at Foot lake) 

lO-J Pt. JolinB 

18 Nearly level to Kerkhoveo 

iT Smooth surface to De Graff station. 

<2 Sharp aunimil (cut 16 feet) 

14 Gradual descent, stnoot)) surface to Benson ata- 

to.-'' Chippewa river (bridjre track) 

15.5 Ohippeira nver (water) 

10 Gradual ascent, smooth aarface. to Cloatarf sta- 

IT Gradual Bkcent, smooth suiface, to UT's 

>U JHaocock ctabon 

>1.&. Summit 

>5.5lPomine de Terre river (track) 

iS.SPomme de Terre river (water) 

)9 iHorris station 

il !Snmmit()6ra mile post) 

ST.SiSmootlisarface to Donnell; station ... 

iS {Gradual descent, smooth surface, to Herman ^sta- 



HWO 
1010 
1054 
1050 
1017 
994 
1050 
1027 
1121 
1092 
1122 



1216 
1211 
1241 
1269 

1222 
1129 
1121 



1074 
1155 
1172 
1078 
1066 
1129 
II56 
1124 



54 
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St* Paul d' Pacific S. R,—Main line — continued. 



Mile<t 

from 

St. Paul. 



184.5 

185.6 

194.5 

201 

202 

i209 

217 



Smooth surface to Mustinka creek 

Smooth surface to Gorton 

Smooth surface to Tintah 

Smooth surface to Rabbit run 

Smooth surface to Campbell station. — 

Smooth surface to Doran station 

Smooth surface to Breckenridfre station 



Above 


Above 


lake Su- 


the 


perior. 


ocean. 


424 


1026 


420 


10-22 


:i93 


9^ 


380 


9^2 


380 


982 


369 


971 


3')7 


959 



St. Paul, Stillwater d> Taylor's Falls R. R 

COPIED FROM PROFILE IN THE OFFCCE OF THE CHIEF ENGINEER^ 

J. 8. 8EWELL, BY N. H. W. 



Miles 

from 

St. Paul. 





1.6 



2 
3 

3 
3.6 

3.6 
4.6 
4.5 
6 

6.5 
6.5 

8 



9 
12 

12 

13 



St. Paul. Low water in Mississippi river 

St. Paul. Hiflfh water in Mississippi river 

Junction with St. Paul & Pacific K. R 

Crossiuf? of L. S. and M. R. R., Phalen's creek 

(track) 

Grade of L. S. and M. R. R. here is 20 feet 

lower 

Phalen's creek (bottom) third crossinff 

Kroken surface to second crossin^r of rhalen's creek 

(track) 

Phalen's creek, second crossing (bottom). . . 

Broken surface to first crossmf? of Phalen's creek 

(track) 

First crossing of Phalen's creek (bottom) 

Broken surface to creek at Ames' farm (track) 

Creek at Ames* farm (bottom) 

Broken ascent to beginning of descent to the Mis 

sissippi river (cut 15 feet) 

Broken surfac ' to tamarack swamp (track) 

Tamarack swamp (^natural surface) 

Summit one mile west of Oakdale station (cut 10 

feet) 

Oakdale station 

Broken surface to the level of Lower Bass 

lake 

Level of Upper Bass lake 

Lake Elmo st^ion 

Nearly level and smooth surface to road on east 

line of Oakdale 



Above 
lake Su- 
perior. 



81 
100 
172 

227 

207 
201 

251 
236 

269 
251 
321 
290 

386 
376 
371 

406 
377 

284 
298 
331 

321 



Above 

the 
ocean. 



683 
702 
774 

829 

809 

soa 

8oa 
838 

871 
853 
923 
892 

9S8 
978 
973 

1008 
979 

« 

886 
900 
933 

923 
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St, Paul, Stillwater dt Taylor's Falls R. R. --continued. 



Miled 

from 

St. Panl. 



15 
15.5 
17.5 
17.5 

19 
19 




Above 
lake Su- 
perior. 



Sninmit four miles from Stillwater 

Junction W. Wisconsin R. R. (cut 17 feet) 

Broken descent to marsh (bottom) 

Center of gravel ridge, one and a half miles from 

Stillwater (cut 50 feet) ■. 

Broken descent to high water at Stillwater 

Low water in St. Croix lake at Stillwater 



327 
285 
151 

171 
85 
55 



Above 

the 
ocean. 



9;^ 
S87 
753 

773 

687 
♦.67 



Branch line of the St. Paul dt Pacific R, /?., from St. Anthony to Brainerd. 

FROM THE RECORDS IN THE OFFICE OF THE CHIEF ENGINEER, 0. A. 
F. MORRIS. ABSTRACTED BY N. H. WINCHBLL. 



Miles 

from 

St. Paul. 



9.5 
17 
17 
21.5 
27 

27.5 
34 
39 
43 
48 
56 
6:3 
73.5 
75 



76 

82 

85 

85 

89 

95 

95 

96 
106 
111 
118.5 



Junction at St. Anthony . . . . 

Manomin (Fridley) 

Rice creek (water level) 

Coon creek (water level) 

Anoka 

Rum river (water level) 

Itasca 

Elk River station 

Elk river (water level) 

Big Lake station 

Becker 

Clear Lake station 

St. Cloud» E. shore of Mississippi river. . 
St. Cloud. W. shore of Mississippi river. 
Mississippi river at St. Cloud bridge. . . . 
Mississippi river at Sauk Rapids (water). 

Sauk Rapids station 

Watab station 

Little Rock river (track) 

Little Rock river (water) 

Rice*s station 

Platte river (track) 

Platte river (water) 

Royalton 

Smooth surface to Little Falls (track). . . 

Smooth surface to Belle Prairie 

Summit 



Above 
lake Su- 
perior. 



Above 

the 

ocean. 



240 


842 


246 


848 


219 


821 


230 


832 


281 


888 


24:3 


845 


289 


891 


294 


b96 


294 


896 


338 


940 


375 


977 


395 


997 


410 


1012 


420 


1022 


363 


965 


386 


988 


402 


1004 


451 


1053 


418 


1020 


405 


1007 


457 


1059 


467 


1069 


457 


1059 


478 


1080 


512 


1114 


528 


1130 


670 


1172 
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Branch Ihie of the St, Paul e^ Pacific R, R., from St. Anthony to Brainerd- 

continued. 



Miles 

from 

St. Paul. 



120 

120 

127 

133.6 

133.5 

134.6 

186 

136 

137 



Fort Ripley 

Nokasippi river (water) 

Crow Wing 

Buffalo creek 

Buffalo creek (low water) 

Summit between Buffalo and Buckhorn creeks. 

Buckhom creek (track) 

Buckhorn creek (low water) 

Broken suiface to Brainerd (N. P. June.) 



Above 
lake Su- 
perior. 



656 
537 
584 
601 
570 
599 
562 
587 
604 



Above 

the 
ocean. 



1158 
1139 
1186 
1203 
1172 
1201 
1164 
1189 
1206 



Line of the St. Vincent branch of the St. PjuI rf- Pacific /?. i?. 

ABSTRACTED FROM THE RECORDS IN THE OFFICE OF THE CTIIEF ENGI- 
NEER, C. A. F. MORRIS, BY N. H. WINOHELL. 



Miles 

from 

St Paul. 



74 

74 

75 

78.5 

78 6 

79 

82 

83.5 

86 

87.5 

90 

94.5 
6.5 

99 
101 
103 
106 

108 
111 

111 
114 



E. St. Cloud station 

Low water in Mississippi river at St. Cloud. 

W. St. Cloud 

Sauk river (track) 

Sauk river, first crossing (water) 

Sharp ridge (cut 15 feet) 

St Joseph 

Watab creek (track) 

Sharp ridge (cut 17 feet) 

Broken surface to summit 

Broken surface to Avon 



• • • • • 



Broken surface to Two rivers (water). 

Broken surface to Albany 

Broken surface to summit near 99 *s mile post 

Broken surface to Getcheirs creek (water) 

Broken surface to Freeport (a summit J 

Broken surface to Sauk river, second crossing, 

(water) 

Broken surface to Melrose 

Smooth surface to third .crossing of Sauk nver, 

(track) 

Third crossing of Sauk river (water) 

Broken surface to summit (cut 15 feet), Sec. 24, T. 

126, R.34 



Above 
lake Su- 
perior. 



410 
363 
420 
433 
416 
437 
471 
459 
486 
536 
615 
521 
586 
634 
575 
624 

557 
596 

598 
586 

656 



Above 

the 
ocean. 



1012 
965 
1022 
1035 
1018 
1039 
1073 
1061 
1088 
1138 
1117 
1123 
1188 
1236 
1177 
1226 

1159 
1198 

1200 
1188 

1258 
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lAne of the St. Vincent branch of the St. Paul dt Pacific R. R. — continued. 



Miles 

from 

St. Paul. 



116 

116 
117 
120 
121 

122.5 

125 

181 

133 

135 

136 

138 

139.5 

142 

149 

158 

158 

160 

161 

166 

169.5 
173.5 
176 
179 

179 
179 
180 
186.5 

186.5 



187 
192 
200 
204 
210 
212 
216 
220 
222 
222 
238.5 

241.5 



Broken surface to fourth crosaiDfif Sauk river 

(track) 

Sauk river (low water) 

Smooth surface to Sauk Center station 

Broken surface to cut of fourteen feet 

Broken surface to summit (cut of seventeen 



feet. 



Silver creek ttrack) 

Undulating surface to West Union station 

Broken sunace to Osakis station 

Sammit (Sec. 22, T. 128. ?.. 36) 

Broken surface to 135 's mile post 

Nelson 

13S'8 mile post 

Broken surface to creek (track) 

Broken surface to Alexandria 

Verv broken surface to G^arfield station 

Broken surface to Chippewa river (track) 

Chippewa river (water) 

Evansville station (cut twenty-oiffht feet, fill imme 

diately of fifteen feet) 

Very broken surface to sammit (cut of thirty 

feet) 

Very broken surface 1o lake Christina (cut and fill 

at Chnstina of forty-two feet). . . . .^ 

Very broken surface to summit (cut five feet) 

Very broken surface to St. OlofF. 

Very broken surface to summit (cut three feet).. . . 
Very broken descent to Pomme de Terre river 

(l^radeV 

Pomme ae Terre R. (water) 

Pomme de Terre R. (bottom).. 

Broken surface to Tumuli station . . . 

Broken and irregular descent to Red river crossing 

(water) 

Red river (bottom) 

Note. — f'rom mile post 131 to 188 there are fre- 
quent fills and cuts. 

Red River Falls station 

Undulating, slow descent to 192*s mile post 

Sec. 1, T. 133, R. 45 

Smooth surface to 204 's mile post 

Sec. 15, T. 135, R. 45 (smoo h surface) 

Smooth surface to 212'b mile post 

Smoth surface to 216's mile post 

Smooth surface to Sec. 31, T. 137. R. 45 

Smooth surface to Barnesville (track) 

Willow river (bottom) 

Smooth surface, slow descent to Glyndon (N. P. R. 

R. Junction) 

Smooth surface to Buffalo nver (track) 



Above 
lake Su- 
perior. 



625 
600 
640 
693 

712 
666 
722 
728 
793 
727 
754 
803 
759 
778 
803 
760 
730 

745 

769 

623 
687 
735 
750 

630 
596 
592 
596 

462 
417 



522 
499 
467 
464 
496 
505 
429 
419 
405 
390 

323 
321 



Above 

the 
ocean. 



1227 
1202 
1242 
1295 

1314 
1268 
1324 
1330 
1395 
1329 
1356 
1405 
1361 
1380 
1405 
1362 
1332 

1347 

1371 

1225 
1289 
13S7 

i:^2 

1232 
1198 
1194 
1198 

1C64 
1019 



1124 
1101 
1069 
1066 
1098 
1107 
1031 
1021 
1007 
992 

925 
923 
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Lint of tht St. VincenI branch of the St. Paul <£■ Pacific R. R.—coittinued. 



from 
St. Pnnl 




Above 
lake Su- 
perior. 


Above 
the' 
otean. 


■241. S 




308 
303 
317 
315 
311 
309 
300 
295 
290 
305 
293 
303 
296 
286 
262 
266 
i!36 
224 
269 

288 
:j04 
286 
243 
241 
261 
245 

■m 

231 
239 
2(1 
217 
215 
216 
203 
194 

201 
187 
ISl 
196 

1K9 

190.5 

H2 

18.S 

IW 


910 












253 
•&9 


Smooth Burface to Felton aUtion 


917 
913 


i!66 




911 








m 

268 
268. -5 


Wild Iticeriver (bottom) 

Smooth iorface to Marih river (water) 


897 
892 
907 








2tf5. 5 SmwtmutfHce to Beltrsnii ^tjiLicn 

286 .Smoothsarfflce to Sand Hill river 

206 Smooth earfaca to Kittson station 

302.5'>^Q,oothsurfoce tot p ol fint bluff. Bed Lake R.... 
a*j- 5 Red Lake river (track on bridRe).. 


905 

898' 

864 

8^ 


1J02.L 




826 


303 




871 


m 

310 
3-20 


NoTK.— 7'Ae calleg la jiiat a milt acroas with 
Singh, well dfjintd bluffs. 

Smooth siuikcp, Keotle ascent to cnmDiit 

SmoothnurFacetoSlO'sinile poiL 


890 
906 


330 


Smooth iurface to 830's mile po«t 


845 


340 






343. 5 Smoolii ittrface to Middle river ttrack) 


847 


















351 












375 
375 


Smooth surlace to S. branch of Two rivera (track). 


818 


:J76 
380 

380 


i. branch of Two o»er« (bottom) . 

Smooth surface to North branch of Two rivers 
(track) 


796 

803 
789 


380 






392 
394 


Smooth surface to 392'b milo post 

Slow, iireirukr descent to the immediate bank of 


738 
791 






744 


394 
394 


St. Vinre(.t(hi([h water of 1866) 

St. Vincent (usual WMtfriiirfHPC) 


787 
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On the line of the Southern Minnesota R. R, 
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30 
48 
b:\ 
59 
83 

103 
118 
166 
167 



212 



Grand Crossinfc Miss. R. opposite La Crosse 

Rushford 

LaDesboro 

Iskoar's (Sec. 20, T. 103. R. 10). 

Fountain 

Grand Meadow (Sec. 24, T. 103. R. 15) 

Sec. 13, T. 103, R. 16 

Ramsey (grade Mil. and St Paul R. R. ) 

Haywa^ 

Winnebapro City 

Water in Blue £artb river one mile west of Win- 
nebago City • 

Sec. 25. T. 104, R. 30 

Sec. 1,T. 103, R. 33 

Sec :6, T. 104. R. 36 

Water in Des Moines rivei 

Hen>n lake (water). 

Grabam lake (water) 

Sec 3, T. 102. R. 22 

Sec. 33, T. 101, R. 21 

Sec 36. T. 101. R. 24 

Sec. 31. T. 101. K 24 



7i 

pi 

CO S 

lis 

> 



12 
96 
215 
273 
676 
712 
7^ 
588 
622 
470 

388 
490 
599 
765 
66> 
777 
819 
701 

me 

608 
6-^1 



hi 

o 
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36 
120 
239 
297 
700 
7:^ 
812 
612 
646 
494 

412 
514 
623 
789 
686 
801 
843 
725 
660 
632 
655 



i 

> 

2 



638 

722 

841 

899 

1302 

1338 

1414 

1214 

1248 

10£6 

1014 
1116 
1225 

1391 
1288 
1403 
1445 
1327 
1262 
1234 
12.57 
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tirely destroyed and removed the ancient soils. The thickness of 
this hardpan at Fargo, D. T., on the line of the Northern Pacific 
railroad, as revealed by the drilling of a well, was found to be one 
hundred and fifteen feet. It there lies below a hundred and five 
feet of variously stratified clay, gravel and sand. 

This deposit is spread out in a vast sheet over much of the states 
of Minnesota, Wisconsin, Iowa, Illinois, Michigan, Indiana and 
Ojiio, and it is locally covered by a fine, stratified clay which has 
been named by the geologists of Canada ''Erie clay,'' although the 
two have sometimes been confounded. It has never been known 
to contain fossils, either of vegetables or animals. As clay it is en- 
tirely unstratified, but it may embrace irregular beds of stratified 
materials, and above may become replaced by assorted gravel and 
sand, the whole being of the same age. As to its manner of depo- 
sition it is believed to be the immediate product of the ice of the 
glacier, and was gently let down on the surface of the rocks that it 
so effectually conceals, by the slow thawing and withdrawal of the 
ice. It must have been largely frozen in the body of the ice in 
regions far to the north, but by the superficial wasting of the glacier 
as it advanced into warmer latitudes, it gradually formed a layer 
covering the surface of the ice in much the same way as it now 
covers the rock. Such underground ice is known to exist at the 
present time in several places in northern latitudes. Wherever 
streams of water gathered, incident to the dissolution of the glacial 
ice, the materials of the drift were assorted and often handsomely 
arranged in oblique stratification. This would occur especially 
along the main valleys, and in crevasses that might result from the 
passage of the ice over rough, rocky surfaces. Streams running in 
such crevasses would wear their beds deeper into the ice-sheet and 
perhaps to the bed-rock itself. All drift materials precipitated into 
such crevasses by the motions of the ice would be washed and as- 
sorted, and the finest portions would be entirely carried away. 
Upon the entire withdrawal, or dissolution of the ice-sheet a ridge 
of gravel and sand, containing boulders and suggesting the common 
name of ^' hog^s back/^ would mark the place where such a stream, 
had its bed. When the slope of the country was away from the 
foot of the glacier, or in the direction of its motion, the streams 
would be likely to carry away the clayey portions of the drift. 
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leaving only stratified sravel and sand along the valleys of the 
water courses; but where the slope of the country was toward the 
ice foot, as in the Maumee valley, in Ohio, and in the valley of the 
Red river of the North, the fine parts would be laid down over the 
unstratified drift in horizontal laminations of fine clay and sand. 
A4ake of standing water would be formed about the foot of the ice, 
with an outlet southward through the lowest drainage valley ac- 
cessible.'*' It is authentically reported that at the present time this 
very circumstance occurs in the Red river valley in seasons of un- 
usual severity. The mouth of the river is completely frozen, or so 
obstructed by ice, that the whole country for several miles in width 
is submerged sometimes below forty feet of water. In such cases 
the discharge must be by the Minnesota valley, Big Stone lake and 
lake Traverse becoming one. About ten years ago, when these 
lakes were so united, an effort was made, and nearly with success, 
to float a steamboat across the continental water-shed from the 
Minnesota valley into that of the Red river of the North. There 
are many indications that the Red river region was for a long time 
covered by a lake of fresh water and had an outlet by way of the 
Minnesota valley into the Mississippi river. 

Overlying this hardpan in much of the southern part of the 
state, and covering especially those portions of the state where the 
hardpan exists in small quantities, is a sandy loam which forms a 
very productive surface soil, and is especially exhibited on the bluffs 
along the Mississippi river, where it has been named, in states 
farther south, "The Bluff Formation." The distribution of this 
material over the state is not well known, and its origin remains 
yet in doubt. Where it reaches its greatest development it is per- 
fectly unstratified. Its characteristics are very uniform, and its as- 
pect and composition are perfectly homogeneous. It has been at- 
tributed to the prevalence of a fresh water lake over much of the 
Northwest. It may perhaps as reasonably be ascribed to the inso- 
luble residue from the rocks in situ, and its distribution to the ef- 
fect of surface drainage. The pulverizing action of the prairie fires 
on the rocks, or on pefbbles contained in the drift may account for 
the existence of this loam in places where it covers the glacier drift 

^Compare '* On ceitaia physical features of the Upper Mississippi river. " By Gen. 
G. K. Warren, American NatvaraUst for Nov., 1868. 
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at points remote from streams. It contains(, in the valleys, the 
shells of the fresh-water molluscs, and seems there to be perfectly 
comparable to ordinary alluvium. The immediate surface of tbi» 
loam, and of the soil generally, in the central and southern por- 
tions of the state, is blackened by the charcoal of innumerable- 
fires that have passed over the surface, and by decomposing vege- 
table remains. 

The drift about St. Anthony and St. Paul shows the following 
general section : ^ 

No.1.— BlufF 6 to 10 feet. 

No. 2. — Assorted materials, often nicely stratified, sometimes re- 
placed by a mass of K^acier-marked ( !) boulders and cobble 
stones minfcled with (Travel. This seems to be due to the re- 
moval by water of the clayey portions of the hardpan. It not 
unfrequently shows very lar^e blocks and masses ot the Tren- 
ton flaf?s (** Lower shell limestone, " of B. F. Shumard) 10 to 20 feet. 

No. 3. — llardpan, seen 25 feet. 



V. 



SKETCH OF THE GEOLOGY OF MINNESOTA. 



1. OBAKITIC AND METAMORPHIO ROCKS. 

(a.) Their area. 

Under this designation are embraced all rocks that lie below the 
Potsdam sandstone. It covers not only the granitic nucleus which 
first appeared as dry land, and those trappean rocks that are with 
little difference of opinion pronounced the result of purely igneous 
forces, but also the vast thickness of truly metamorphic strata in- 
cluded under the terms Laurentian and Huronian. 

These rocks occupy a great portion of the state of Minnesota, 
crossing it in a rudely wedged-shaped belt from the northeast to 
southwest. The southern margin of this belt enters the state from 
Wisconsin about three miles below the mouth of Kettle river^ 
crosses the Mississippi about three miles below the mouth of Clear 
Water river in a southwesterly direction. It also crosses the Min- 
nesota river about three miles below Fort Ridgely and probably 



Showing the Location of the Counties. 
TclnJ aiffLS4,2S6 sffuiuT' TiuXes. 
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leaves the state near the northern line of Pipestone coanty. The 
northern or northwestern boundary of these rocks enters the state 
from the north aboat midway between the lake of the Woods and 
the Red river of the North, in a soatherly and then a soatheasterly 
direction, to the vicinity of Pokegama falls, where it changes its 
course and rons in a southwesterly direction, passing approximately 
through Cass, Todd, Stevens and Traverse counties to the western 
boundary of the state. These rocks thus form a great anti clinal 
axis, or backbone from which the later sedimentary rocks dip in 
opposite directions to the southeast, and to the west and north- 
west, their area being something more than one third of the entire 
state. North of lake Superior they produce a rough, and even 
mountainous tract of country which is marked by a series of ridges 
or ranges of upheaval NE. and SW.; but toward the southwest 
their original uneven surface is so evenly and deeply covered with 
drift that they are but rarely seen, except in the valleys of the 
streams, the country assuming the character of a rolling and more 
or less wooded, or of a level and open prairie. 

(b.) Their general lithological characters. 

These rocks have been included under the general term of Azoic^ 
from the absence of organic remains. The geologists of Canada 
have, however, described within a few years a strangely concre- 
tionary or laminated alternation of pyroxene and carbonate of lime, 
taken from the Laurentian system, which on microscopical exam- 
ination has disclosed an organic structure resembling that of the 
'oramini/era, and has been named Eozoan Canadense by Dr. J. W. 
Dawson.* This discovery carries downward the horizon of the be- 
ginning of animal life several thousand feet below the base of the 
Potsdam sandstone; and the appropriate term Eozoic has been used 
to describe the earliest of fossiliferous rocks, comprising the Lat^ 
rentian and Huronian systems. With this exception no fossil re- 
mains have been found below the Potsdam sandstone. 

The lithological and mineralogical characters of this belt of 
granitic and metamorphic rocks are very complex and variable. 
The original upheaved nucleus was granitic, or syenitic and granitic, 
and this character prevails in the oldest and highest knobs and 
hills, around which the highly metamorphosed slates and gneisses 

*In ihia foMil the pyroxene U nometiines replaced by serpentine, or logsnite, (or by 
PTraloUte?) and ibe caleite by dolomite. 

5 



66 ANNUAL REPORT. 

are arranged in apturned and even vertical beds. Intercalated with 
these disturbed beds are namerous injected beds and dykes of vol- 
canic trap, the igneous origin of which cannot be doubted. The 
metamorphism consists in a decomposition and recrystallization, 
through the combined action of heat and chemical affinity, of the 
first sedimentary strata, producing from sandstones, limestones and 
shales, talcose argillaceous slates, gneiss, quartz and saccharoidal 
marble, and in some instances immense masses of specular and mag- 
netic oxide of iron. The close of this disturbance involved the 
oveelying Potsdam sandstone, or at least the '" red sandstones ^' of 
the Northwest, but in Minnesota it antedates, so far as known, the 
sandstones of the St. Croix valley and the Lower Magnesian lime-' 
stone. It seems to have continued to the close of the deposition of 
the ^* red sandstene, " and to have terminated prior to the deposi- 
tion of the Lingula beds, which lie without disturbance, as far as 
known, on the ejected traps, and between the red sandstone and 
the light-colored quartzose sandstone which characterizes the upper 
Mississippi valley. This disturbance was the cause of fissures and 
dislocations in the rocky crust, which by slow degrees became filled 
with the various materials composing the metalliferous veins. 

In 1849 Gol. Charles Whittlesey classified these rocks in north- 
ern Wisconsin, in the following desecending order: {Owen's geoL 
sur. of JFVs., Iowa and Minn.^ p. 425.) 

1. Sbdimektaby. 

a. Red saDdetone {not belonging to the ni4tamorphic aeries.) 

b. Black slate. 

c. Conglomerate. 

2. Tbappous bocks, ob thobe of volcanic obigin. 

a. Black and rea amygdaloid, and greenstone trap. 

b. Augiiic, homblendic and feldspathic rocks, embracing syenites and 

granites of the same age. 
d. Metamorphosed bocks. 

a. Homblendic slates. 

b. Iron slates. 

c. Blads slates, in large, thin, rectangalar sheets. 

d. Talcose slates. 

e. Slaty quarts. 
4. Gbanitic. 

a. Syenite. 

b. Granite occupying the country south of the mountain range or uplift, 

and are the •Idest rocks seen. 

Messrs. Foster and Whitney, in a report on the lake Superior 
land district in 1851, give them the following arrangement in de- 
scending order: 
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Beds of qoartK and saocharoidal marble. 
Chlorite, talcose and arffillaceous slate. 
Gneiw, mica and homlMende slate, 
lemtons bockb, of various ages. 
Trapptan or volcanic rocks. 

Masses of specular and magnetic oxide of iron. 

Hornblende and serpentme rocks. 

Basalt, amygdaloid. 

Greenstone, or doleryte, porphyry. 
PIniome rocks. 

Feldspar and qaartz rock. 

Syenite. 

Granite. 

The Potsdam sandstone^ or that portion which is equivalent to 

the red sandstone, overlies all the forgoing, and although very much 

broken by intrusions and overflows of trap, and often reduced to 

the form of a conglomerate, or a volcanic tufa, is not regarded by 

Foster and Whitney as belonging to the series of metamorphic rocks. 



(c.) Their economical vabie. 

In the state of Minnesota these rocks are known to contain va- 
v-iable quantities of gold, silver, copper and iron. As yet no exten- 
sive exploitation of these metals has been made. . Veins of gold and 
silver bearing quartz are known to occur in the vicinity of Vermil- 
ion lake, and at other places on the north shore of lake Superior. 
Hecently gold has also been reported from the vicinity of Red lake, 
^eins carrying native copper, as well as the sulphuret and car- 
\>onate, also occur on the Kettle river, and at Taylor^s Falls on the 
St. Croix river. Iron ore in unlimited quantities is said to exist in 
the dividing ridge between lake Superior and Vermilion lake. Other 
materials of economic importance also pertain to these rocks. The 
gray ^^ granite^* quarried at St. Cloud contains both mica and horn- 
blende (or pyroxene) ; the quartz is slightly amethystine, or smoky, 
and mi^es up about one half the bulk of the whole, while unmis- 
takable feldspar is almost entirely wanting. It has also a very few 
minnte crystals of pyrites. It is being considerably introduced into 
some of the largest structures both in St. Paul and Minneapolis, 
and in various cities of the Mississippi valley. Its composition 
renders it a very durable building material, even more enduring 
than typical syenite or granite. Roofing slate is also one of the 
economical products of the metamorphic rocks, known to exist in 
Minnesota. There is no doubt but unlimited quantities of this 
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material will yet be found within the state. The efforts that haye 
hitherto been made to manufacture this article and introduce it inta 
the markets of the Northwest, in the yicinity of Tbomaon, hare 
not been very successful. It is beliered, however, that the fiinlt 
lies not in the material itself, but in the manner it has been bandied. 
For fire-stone the talcose slates, associated with the Hnronian aeries, 
in the eastern extension of these rocks in Michigan and Canada, 
are very well adapted. These rocks also ought to supply steatite^ 
or soapstone, and no doubt hold considerable beds of yariegated and 
saccharoidal marble. It will be a prominent object, in the progress 
of the survey, to bring these various economical resources into 
careful observation and investigation. At the present time little 
is known beyond the foregoing statement of facts, although pri- 
vate parties have made more or less detailed surface exploration. 

2. THE POTSDAM SAKDSTOVE. 

(a.) Preliminary considerations. 

This term is strictly applicable only to the sandstones of New 
York state, to which the name was first given, and to the equiva- 
lents of those strata in their extension through the west. It has 
been abundantly proved that the red sandstones of lake Superior, 
however disturbed and changed locally, or however much increased 
in thickness by the agency of volcanic outbursts, are the exact 
equivalents of the New York Potsdam. They occupy the first posi- 
tion over the metamorphic slates of the Huronian rocks on which 
they lie unconformably, and from which they differ in being but 
slightly and only locally metamorphosed. They retain usually 
their evidently sedimentary characters, and have not well preserved 
fossil remains. By the Canadian geologists the term Potsdam is 
made to cover a group of arenaceous strata, the lower portion only 
of which is the real equivalent of the New York Potsdam.*. In 
Michigan the name is given only to the red sandstones, the over- 
lying light colored sandstones being regarded as a part of the Cal^ 
ciferous sandrock.** Dr, Houghton as early as 1841 distinctly stated 
in his annual report to the Michigan Legislature, that the ^' upper 
gray sandstone '^ is not conformable with the ^^ lower or red sand- 

* See Otology of Canada^ 1863. p. 87. 

*♦ See BienniaX report of progresSt 1860, p. 49. 
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stone and shales. " (See his report for 1841, p. 19.) In Wiscon- 
sin the same sandstone occupies a wide circular belt surrounding a 
granite center. Thd orerlying light-colored sandstones are found 
there to lie unconformably on the red sandstones where they have 
been tilted by volcanic agency .f Dr. C. A. White, of the geologi- 
cal surrey of Iowa, has described a red sandstone or quartzyte, oc- 
curring in outcrop on the Big Sioux river and in southwestern 
Minnesota, and given it the special name of Sioux quartzyte^ prov- 
ing conclusively that it is both older, and unconformable with the 
ligbt-coSored sandstones that occupy a conspicuous place in the 
blu£Fs of the upper Mississippi, below the Lower Magnesian Ivne-- 
stone.ff At New TJIm, and and at other points in southwestern 
Minnesota, the same quartzyte forms some of its characteristic out- 
-crops. It rises suddenly above the superincumbent drift, exposing 
^ New Ulm about 350 feet, with a dip of thirty-six degrees to the 
north. Its features here are easily identifiable with those of the 
JPotsdam at the rapids in the St. Mary^s river, at Sault Ste. Marie, 
3Iich. In their passage to the west the overlying light-colored 
sandstones seem to become more largely developed. They acquire 
^ thickness, including the intercalated beds of shale, of about six 
liundred feet, in their exposures along the Mississippi river. 

On the other hand Dr. D. D. O^en, finding these upper sand- 
:<tones abutting undisturbed against the trap outbursts at the falls 
of the St. Croix, supposed at once that he reached there the true 
paleozoic base.t Fossils gathered there, and at other points on the 
upper Mississppi, in these and associated beds, were described as 
coming from the Potsdam sandstone, and were supposed to belong 
to a horizon much lower than that of the Lingula beds of the Pots* 
dam of New York. The name has been still iurther removed from 
its original use by the Iowa geologists, in its application only to 
these upper bedSy and in giving the name Sioux quartzyte to the 
western representative of the original Potsdam. Dr. Owen, al- 
though he recognized many points of difference between the lake 
Superior and New York Potsdam^ and these light-colored sand- 
stones of the St. Croix and upper Mississippi, seems not to have 
noted the important fact that the former are everywhere subject to 
distortions and firactures by volcanic forces, while the latter are 

t a. D. IrVliig. on tbe ▲ge of the Quaitzytes, fte., of Saak county, Wis., Am Jour., 
^•b., 1873. 

tt Geology 0/ loioa, 1870. Vol. i,, p. 167. 

X OeoloiKeai rtpoirt on TTiMon^ffi, Iovhi and Minnuoia^ p. 80. 
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never known to be disturbed by such causes. It is true that he 
embraces both the red and the light-colored sandstones in the de- 
signation of ^Totsdam/' and argues at length to prove the greater 
age of the red.* 

It is in accord with geological precedent, therefore, to separate 
these two sandstone formations under different names, retaining 
the name of Potsdam for the older, and giving provisionally the 
name of the St. Croix river, on which they are best exposed, to the 
latter: 

The following reasons may be assigned: 

1st. The Potsdam beds were laid down before the close of the 
volcanic disturbance so evident in the rocks of the early Silurian 
and pre-Silurian ages; the St. Croix beds were deposited and still 
lie in horizontal layers, unconformably not only over the Lauren^ 
tian and latest trappean rocks of the Northwest, but also on the 
upturned beds of the Potsdam. 

2nd. The observations of the New York and Canadian geologists 
place the earliest Lingula beds near the top of the Potsdam sand-- 
stone; this separation of the St. Croix beds does not invalidate their 
conclusions, but fixes the observed paleozoic base in the Northwest 
at some point higher than that of the Potsdam. The wonderful 
abundance of fossil Lingulas and other forms in the shale abutting 
against the trap at the falls of the St. Croix would furnish pre- 
sumptive evidence of their existence prior to that outburst. They 
simply have not been seen. 

3d. The lithoiogical characters of the Potsdam beds are uniformly 
different from those of the St. Croix beds. The former are hard 
and often vitreous, usually of a brick-red color. Their bedding ia 
veiy distinct, and often separated into slaty layers by partings of 
red shale. They are strongly marked by the so called fucoidal im- 
pressions. They are frequently ripple-marked and sun-cracked. 
The latter are white or buff-colored, often friable, and constitute a 
heavy bedded or massive sandstone, of handsomely rounded quartz- 
ose grains. 

4th. They differ in chemical composition. The Potsdam beds 
contain ^* a considerable percentage of alumina, ranging sometimes 
as high as twenty per cent., while of silica there is often less than 
fifty per cent. Their peculiar red color is due to the presence of a 
large proportion of peroxide of iron, with a much smaller propor- 
tion of protoxide'^ (Owen). 

*Oeological survey of WUconsin, Iowa and Minnesotat p. 187. 
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The St. Croix beds " commonly contain ninety-two per cent, and 
upward, of ailicR, while of alumina and oxide of iron taken together 
they hare seldom more than three per cent" (Owen). 

5th. They are separated by a fifty-foot bed of lAngula shale 
which lies at the bottom of the St. Croix beds. 

6tb. The Potsdam sandstone has a thickness of at least Four hun- 
dred feet;* the St. Croix sandstone also has a thickness of over five 
bnndred feet. It is more in keeping with the canons of geological 
nomenclature to give separate titles to formations so well defined 
snd so largely developed. 

7th. The evidence of paleontological difference is perhaps the 
strongest roason for separating these sandstones, . The fossils of 
the Potsdam sandstone in New York are Lingula antiqua (Con.) 
and Lingvla prima (Con.), a Disctna (or Orbicula\ and uncertain 
impressions supposed to be of a Pleurotomaria and of crinoidal re- 
xnains. A species of Theea has also been described from Eeese- 
-ville. Aecordiug to Prof. James Hall but three species are known 
from the Potsdam of New York. (Foster & Whitney's report on 
iake Superior, Part li. p. 230). The fossils of the St. Croix aand- 
Jitone are, according to Dr. Owen, (Rep. on the geological survey of 
WiseoHsiny Iowa and Minnesota, p. 624) the following: 
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The ^^ Menominee trilobite bed, " of Foster and Whitney is placed 
by Owen in the St Croix sandstone. Of all the above species the 
real Potsdam sandstone has afforded in New York but three species 
and those of genera that range not only through the Lower Si- 
lurian, but have maintained an existence to the present time. 

8th. Messrs. Foster and Whitney, recognizing the paleontologi- 
cal difference between the Potsdam sandstone of New York and the 
St. Croix sandstone of the Northwest, yet laboring to prove their 
horizontality, suggest that the striking fossils of the latter msy yet 
be found in the Potsdam of New York,t havinsf been hitherto over- 
looked. It would seem more likely that the few fossils of the east- 
ern Potsdam have escaped the eye of western geologists in exam- 
ining rocks of that horizon, than that the singular forms of animals 
found in the St. Croix sandstone of the west have escaped the eye 
of eastern geologists. The following table of the number of species 
found in the state of New York, and the lake Superior district is of 
interest in this c9nnection. It was prepared by Prof. James Hall, 
and is published in Foster and Whitney^s Report on the lake Super-' 
tor land district. Part II, p. 230. 



PotFdam sandstone 

Calolferous sandstone.... . . 

Gbazy limestone 

Birds Eye, Black River f 

and Trenton f 

Hudson River groap 

Glinton {croup { 

Niagara group t 

Upper Helderoerg 



l^ake 
Superior 
district. 



8 
4 

10 

64 
81 
28 
16 



New 
York. 



3 
13 
45 

220 

M 

296 

? 



And thirty species common to the Tren- 
ton and other groups. 

Besides thirty other species common to 
this and the preceding groups. 



Inspecting this table we see the number of fossils found in the 
Potsdam in the west, including also those enumerated by Mr. Hall 
from the St. Croix sandstone^ is equal to those from the Potsdam 
sandstone of New York. From the Calciferous the proportion of 
fossils found in New York is 225 per cent, in favor of eastern geol- 
ogists. From the Chazy limestone the proportion is 350 per cent, 
in favor of eastern geologists. From the Birds Eye^ Black River 
and Trenton limestones the proportion is 244 per cent, in favor of 
eastern geologists. From the Hudson River group the proportion 

t Foster and Whitney's Report on the lake Superior land district Part If, p. 134. 
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is 74 per cent, in fa7or of eastern geologists. From the Clinton 
and Niagara groups the proportion is 1050 per cent, in favor of 
eastern geologists. From the Upper Helderberg the proportion is 
not known, bat probably would exceed the per cent, of any of the 
other formations, in favor of the eastern geologists. This only 
shows the greater scrutiny with which the formations have been 
observed in New York than in the lake Superior district, and in- 
ferentially that the fossils of the St, Croix sandstone have not been 
overlooked in New York. It seems more reasonable to suppose 
the Stl Croix sandstone is only another illustration of the intercal- 
ation of arenaceous sediment in the Lower Silurian of the North- 
west, creating really a new member of that series of rocks and in- 
troducing its own fossils, and that the paleozoic base of the l^ots^ 
dam in New York has not yet been observed in the Northwest. 

Notwithstanding these considerations it has not been thought 
best to attempt the delineation of the areas of these sandstones 
separately on the preliminary geological map accompanying this 
report. They are there colored as one formation, under the double 
clesignation of The St. Croix and Potsdam sandstones. 

According to Dr. Owen the following table shows the most per- 
sistent elements of stratification of these great sandstone forma- 
t;ions. [See Geol. rep. on Wis.^ Iowa and Minn.^ p. 52]. 

i 



o 

5 



' QiuurtsoM, llght-oolored Bandstones of various degrees of induration, with ft . 
intercalations of beds of magnesian limestone, with glistening, crystal- 
line faoete and calcareo-silioeous oolite produced by rounded grains of 
quarts encased in calcareous cement, containing Euomphcd%u and imper- 

root Mobites, Locally with a band of green earth ... 60 to 85 

Mamtnillary and botryoidal layer of white sandstone: sometimes banded 
3 withyellow. 5to6inches. 

Thick beds ofsoft, yellowish and brown sandstone, sometimes with bo- ft. 

s "^ trroidal, hard, prt»jectig concretions; passing downward into flne-grain- 
( ed, soft sandstones approaching tripoli 40 to 00 
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Ash-colored and yellowish argillo-calcareous and nuiffneaio-oalcareoiia 

beds, containing Uickeloeephaiti* MinnetotenHt, Stillwater trilobite -bed. . » 8 to 10 



2 



9 



9 



9 
O 



OreentYed and yellowish sandstones with thin, schistose, dolomitio in- 
tercalations M...^..» 40 

Upper, brown dolomitic layers, containing Orihia, Linotda, and oolomns 
ofCHnoidea, as at La Grange mountain.....^ .....^ .........^...••.m.. 4 



Alternations of yellow, laminated sandstones with green particHes dis- 
seminated ^ ,. 5 

Marine Mill trilobite grit....... „ «.... . 5 



I 



Fucoidal layers, and thin-bedded green and yellow sandstones: at their 
base oiten a band of about six inches of green efuih used by the Indians 

as a pigment ,. 80 to 40 

Green and red sandstones charged with silicate of iron ....m... 5 

. Loose green sand, and soft green (landstone .» 15 

TS 
9 

A 

9 

2 r Micaceous sandstone containing DiMoeephalut Miniteaensis, D. granu' 

o J lonta, Ac 8 

^ i Alternations of green and ferruginous sandstones 20 

** [ Micaceous sandstones containing Dikelocephtdns MiniteaetuU, Ac....... 2 

Thin layerd of gteen sand alternating with green earth, impregnated with 

silicate of iron „ 80 to 40 

Lower, brown siliceo -calcareous and dolomitic bands of Mountain island 

and elsewhere ^ 4 

Soft, thin- bedded sandstones with scales of mica disreminated....... 10 to 15 

® -{ • Coctrse Lingulagrit, green, yellow, sometimes almoat white 100 to 180 

9 
9 

2 
o 
=: j Pine grit, place of the Menominee trilobite grit(?\ white and yellowsand- 

«s j stones and Obolua layers of Black river 15 

o 

9 
?J 

b.-i V 

^ ( Ferruginous trilobite grits, schistose sandstone containirg fork-tailed tri- 

■^ J lobite b<*.dsand O&oItM layers 1 to 8 

=: ( Magnesio-calcareous rocJc with Obolua and fork* tailed trilobites 8 

I 

1 Highly fossiliferous. schistose, siliceo-calcareous layers ieterlaminated 

! with argillaceouH, marly beds, charged with sulphate of iron; the former 

I full otLingxdte and OrhiculK. Falls of the St. Croix 60 

[ Sandstonen with oblique lines of deposition, alternating with pebbly 

^' i sandstones ami coarse grits of the Chippewa, Black and Wisconsin rivers, 

i near the falls 60 to 100 

Place of the lake Superior ferruginous and argillaceous sandstones, shales 

1 and conglomerates 5000 
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(b.) Area of the St. Croix and Potsdam satidatones. 

The area here described embraces that of the light-colored 
quartzose beds of the St. Croix and upper Mississippi valleys, and 
of the ferraginous and often metamorphosed red saidstones which 
lie below them. It can only be defined approximately. It is sep- 
arated by the area of the granitic and metamorphic rocks into two 
belts, one lying along the southeast side of that area and the other 
along the northwest side. The former has a width on the St. 
Croix river extending from about four miles below the mouth of 
Kettle river to a point about six miles below Franconia. It runs 
diagonally across the state toward the southwest, including the 
counties of Chisago, the southern part of Pine, Isanti, the northern 
half of Anoka, the most of Sherburne, Wright, the western half of 
Carver, the eastern half of McLeod, the central portion of Sibley^ 
the most of Nicollet, the northwest corner of Blue Earth, the 
greater portions of Brown and Watonwan, Cottonwood, Murray, 
Pipestone and Rock, with the northern portions of Jackson and 
Nobles. The northwestern area of these sandstones is supposed to 
include the counties of Traverse, Orant, Otter Tail, the northern 
halves of Douglas and Todd, Wadena, the most of Cass, and the 
central portions of Beltrami and Pembina. There are like^^fise 
isolated outliers of these sandstones even within the area of the 
granitic and metamorphic rocks, and a small area also in the east- 
ern part of the state, in Carlton and St. Louis counties, near the 
western extremity of lake Superior. 

(c.) lAthohgical characters of the St. Croix and Potsdam sandstones. 

The general lithological characters, and the differences between 
the St. Croix and the Potsdam sandstones have been sufficiently 
set forth under the head of Preliminary considerations. It only 
remains to add special sections observed. 

The lowest rock observed within the state, lying above the slates 

of the metamorphic series, is believed to be the red quartzy te seen 

at Bedstone, near New Ulm. Such stone is said also to occur on 

the upper tributaries of the Cottonwood, viz: on Dutch Charley's 

creek, T. 108, R. 37; also on a branch of the Watonwan creek, T. 

107, R. 34. At the former place it is now quarried, and is about 

to be at the latter. These places, however, have not been visited, 

though the characters of this quartzyte are so striking that the 

most unskilled observer could not fail to identify the stone. At 
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Redstone the beds are tilted at an angle of 35 to 40 degrees toward 
the north, showing their jagged edges which stick out along the 
north bank of the river. The exposed rock rises, a short distance 
north from th« river banks, to a hight of 150 to 250 feet above 
the lowest exposed beds. In these bald, lichen-covered knobs the 
dip is maintained to the north at the same angle, making as much 
as 350 feet of stratification exposed. The surface of these knobs, 
and in general the surface exposure of the whole, is much more in- 
durated and quartzitic than those lower beds that have been opened 
by quarrying and by the cutting for the railroad grade. It ap- 
pears as if the greatest metamorphism had taken place over the 
surface, the lowest strata seen being more perfectly bedded and 
thinner, as well as argillaceous and wave-marked. The whole is 
of a reddish color, varying from brick-red iu the lower beds, to a 
dark-red or purplish hue, in the highly metamorphosed portions. 
It sometimes shows a finely pebbly structure, and some small spots 
of a softer texture, which on fracture have some appearance of a 
greenish impure chert, or of a serpentinous or epidotic composi- 
tion. These greenish spots are closely impacted in, or chemically 
united with the mass, as if derived from it. Other parts are more 
plainly a sandstone, much less glassy on fracture, showing all the 
characters of the Potsdam sandstone^ as recognized in the lake Su- 
perior district. The following characters indicate the Potsdam age 
of this outcrop of red quartzy te. 

1. Its red color, spotted with lighter color, even to cream color. 

2. Ripple marks and mud cracks. 

3. Worm-marks and fucoids. 

4. Thin laminae of shale separating the beds. 

5. The very observable and regular bedding. 

6. The impossibility of setting any limit between the evidently 
sandy and sedimentary portions and the quartzitic and meta- 
morphosed portions. They pass one into the other iu the distance 
of twenty feet. 

7. The highly inclined position of the strata. 

8. Its arenaceous character, taken as a whole, in distinction from 
the talcose and slaty, or the hornblendic and the micaceous nature 
of the Huronian, 

A singular phenomenon was observed on these knobs, indicat- 
ing the recent activity of volcanic forces. About sixty rods north 
from the railroad cut the superficial heavy quartzitic beds are tossed 
up on their edges in opposite directions, over a space of a couple 
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of square rods, some blocks of ten feet long and four or five feet 
thick, standing exactly on their edges near the point of outburst. 
Theee pieces are all lichenous and weathered, indicative of the 
great age of their exposure in that condition. The whole place 
looks very much as the tilted beds in a quarry immediately afker 
the discharge of a blast of gunpowder. In the center of the place 
where the beds are most disturbed and broken fissures and open- 
ings in the deeper seated strata may be seen, while one large open- 
ing descends down nearly, perpendicularly into the rock. The 
positions of these loose pieces which are undeniably torn from the 
beds near where they lie, indicate the operation of some powerful 
subterranean force since that part of the state was subjected to the 
levelling process of glacier ice. 

The Lingula skale^ at the falls of the St. Croix river, is believed 
to hold a place stratigraphically above the sandstone at New Ulm, 
although at that place a trap outburst entirely screens the actual 
superposition from observation. These shale beds there abut con- 
spicuously and almost horizontally against the trap rock which 
rises on nearly all sides to the hight of two or three hundred feet. 
At the village of St. Croix Falls a little creek enters the river at 
the foot of Georgia street. Just as it joins the river it passes over 
8ix or eight feet of green shale filled with Lingulce and Orbiculce^ 
of which there seem to be several species. The shale is extremely 
Tusty with iron in all crevices and partition planes, owing probably 
to the oxidation, by the running water, of the fine crystals of 
pyrites, with which much of the shale is crowded. After an ob- 
scured interval of several feet, believed to be occupied by this shale, 
at a point further up the creek, the water passes over about ten 
inches of coarse, rusty sandstone. Still further up this creek prob- 
ably similar shale underlies the immediate surface. Tet the hills 
of trap rock rise suddenly within a quarter of a mile of the river, 
to the hight of over 150 feet. Further up the river, other creeks, 
entering from the east, expose the same shale along their sides, or 
in their beds. At one point the immediate bank of the St. Croix 
river shows, at the village of St. Croix Falls, a thickness of 49 ft. 
8 in. of horizontal bedding, measured by Loclce^s level. The dry, 
weathered surface of this bluff has an ashen color, yet exudes a sub- 
stance which on becoming dry is yellow and has much the taste of 
alum. There are also interlaminated thin layers of arenaceous 
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shale or sandstone, more enduring. These, lying in firagments at 
the foot of the bluff, show surfaces that are almost completely cov- 
ered with the broken or entire valves of fossil Lingulce and Orbi^ 
culce. These fossils pervade the whole thickness of this shale, so 
far as here seen, and they seem to have gathered in nnwonted 
abundance in the isolated depressions or basins of the original trap- 
rock surface. Occasional rude septaria of impure blue limestone 
also contain, but in less quantities, the same fossil bivalves. 

Section at Winona^ in Winona county. 

In ascending order the next section observed is that of the bluffii 
at Winona. It includes also a part of the Lower Magneaian lime^ 
stone. It shows the following stratification in descending order: 

No. 1. — Slope from the snmmit to the brink of Obsenratory bluff 

(character of rock unkno¥m) 20 ft* 

No. 2. — Arenaceous breccia, or conglomerate, belonging to the 
Lower Magnesian limesUme^ with considerable calcareous mat- 
ter, especially in the form of patches of calc-spar and some 
very hard, gray limestone, which is often variegated in colors 
of ried, greenish and pink. It contains also chert and colored 
fli^t; but the flint seems to be united with the matrix as if 
produced by chemical secretion like the caldte. This rock 
rorms the bold buttresses which in many places round out the 
summits of the bluffs and form their promment angles, as at 
Castle Rock, on the Wisconsin side, and on Observatory bluff 
opposite the normal school. At the railroad cuts, above Stock- 
ton, it stands out in isolated pinnacles and towers. It has the 
outward aspect of a rough, cavernous and concretionary brec- 
cia 35 ft. 

No. 3 — Heavy, regular beds of Lower Magnesian limestone. These 
layers are of a cream color, hard and enduring, and somewhat 
vesicular, but very extensively wrought for building, Of these 
beds 99 ft. 4}^ in. are seen in the smgular outlier known as 
sugar loaf 145 ft. 6 in. 

No. 4. — Interlaminations of limestone with sandstone, belonging 
to the SU Croix sandstone. The details of the stratification 
here are as follows, in descending order: 

(a.)— Homogeneous, incoherent, wEite sandstone, 

v^ similar to the St, Peter sandstone 2 ft, 

(b.)— Hard sandstone, with considerable calcareous 
matter, having much the aspect of the overlying 
limestone with masses of common calc-spar 8 ft. 

(c.) — Friable sandstone, wlute 2 ft. 

d.)~Same as (b) • 5 ft. 

e.) — l/oose, sandy shale, with fragments of light 

green shale in scales I ft. 6 in« 

f.)— Sameas (b) 3 ft. 

g.) — Same as (a) 1 fL 
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(h,) — Same aa (b), almost a pare and crystalline dolo- 
mite 6 ft. 

(i.) — Same as {a), very coarse grains of roanded sand, 
oonsistinflr of pureW white quartz, with lenticular 
beds and masses or limestone it) ft. 

( j.) — Same as (i), but more calcareous and project- 

insr 20 ft. 

(k.) — Sandstone; massive, with little or no calcareous 

matter 12 ft. 

(1.)— jOalcareous layers, and thin sand layers alternat- 
ing as above, the greater portion bemg sand, ag- 
gregating about 55 ft. 

These altemations make up (e) and (f) of Owen's gen- 
eral section (see p. 73) 125 ft. 

No. 5. — Massive mural sandstone, passing below a talus. Been. ... 20 tt 

No. 6. — ^Interval, unobserved, hid by talus (covonng (d) of Dr. 

Owen's general section) 226 ft. 3i in 

No. 7. — Hard, massive, ferruginous sandstone, containing lAngula 
((c) of Dr. Owen*s genmd section?) This is seen near the 
base of the escarpment, nearly a mile above Observatory bluff, 
seen 8 ft. 

No. 8.— Sloping talus, to the level of Winona Uke 15 ft. 

Total hight of bluffd 594 ft. 9}^ in. 

AlthoQgh other sections covering more or less of the Potsdam 
and St. Croix sandstones hare been taken at different places, yet 
nothing has been observed throwing additional light on the rela- 
tions of these two formations, and they are withheld till the proper 
time for reports on detailed work by counties. 

(d.) Fossils of the St. Croix and Potsdam sandstones. 

It has already been stated that the only fossils found in these 
sandstones pertain to the upper or St. Croix, and that in the lower 
which is more probably the real equivalent of the Potsdam sand^ 
stone of New York, no well defined fossil remains have yet been 
discovered in the state of Minnesota. The obscure fucoids and 
worm-marks have indeed been seen; but their real origin may be 
regarded as yet undetermined. For a list of fossils found in the 
the St. Croix beds, in the state of Minnesota, and enumerated by 
Dr. Owen, the reader may consult a former page entitled '^ prelim- 
inary considerations. " 

(e.) Economical value of the St. Croix and Potsdam sandstones. 

The Potsdam sandstone^ in the vicinity of lake Superior where 
invaded by the disturbance of trap outbursts, is known as the most 
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highly cupriferous rock in the United States. This is not because 
the rock itself in all places is liable to contain copper, but is owing 
to the agency of igneous and perhaps to other metamorphic forces. 
It is also confined to the lower portion of the formation, and is ac- 
companied with the various forms of volcanic rock and conglom- 
erate. What amount of copper it may carry in the northern part 
of the state of Minnesota is entirely unknowa. As it occupies a 
considerable area where the beds are known to have been highly 
tilted from a horizontal position, it is not unreasonable to suppose 
that copper in considerable quantities may yet be found. The 
Potsdam has also very often supplied a stone for building purposes 
of a very superior quality. The lake Superior '^ brown sandstone*^ 
is from rocks of this age. It is believed that the use of sandstone 
in important structures is to become much more prevalent than 
formerly, and any available outcrop of this rock ought to be fully 
proved for stone of this kind. The nearest and most accessible ex- 
posure of this kind for the markets of central and southern Min- 
nesota is that at Bedstone, near New Ulm. As it is reached di- 
rectly by railroad, it is safe to say the time is not far distant when 
the markets of the state will be able to furnish stone from this 
vicinity of a quality equal to any found in the Northwest. It will 
also supply a vast extent of country in northern Iowa which 
is largely destitute of stone suitable for purposes of construction. 
Some portions of the St. Croix sandstone have been quarried for 
building purposes, and at Taylor^s Falls it has been used in one or 
two business blocks. It is of rather coarse grain and friable on 
first quarrying, but the weather operates to harden it in a few 
months. It is of a lighter, pleasanter color than the Potsdam. 
Except for the manufacture of glass, for which much of the light 
sandstones of the St. Croix beds is suitable, and favorably exposed 
along the Mississippi river,* it is not known that there is any 
other important use to which these formations maybe put. Some 
of the clays, especially those stained with iron, may be made use- 
ful tor pigments, and the bed of red catlinite^ used formerly by the 
Indians in Pipestone county, takes a polish which will render it 
valuable for small ornaments. 

*At Red Wing Mr. Pascal Smith so utilizes this formation, shipping It by barges down 
the Mississippi to points in Illinois. 
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3. THB LOWER MAGNESIA {f LIMESTONE. 

(a.) Its area. 

Beginning at the southeastern corner of the state where this 
limestone forms the summits of the bluffs of the Mississippi and 
supports the high table-land that extends westward from the river, 
this formation occupies a belt of irregular width along the west 
side of that river to a point a little above Hastings, where its west- 
em limit crosses the Mississippi. The e&stern edge of this belt 
runs along the east side of the Mississippi, including considerable 
of the state of Wisconsin. Hence it underlies the most of Houston 
county, the northeastern part of Fillmorci the eastern half of Wi- 
nona, nearly the whole of Wabasha, and the eastern portions of 
Goodhue and Dakota. North of the Mississippi this belt curves 
more to the west, bringing its eastern margin across the St. Croix 
river a few miles below Franconia. Passing westward this lime- 
stone underlies the northern and eastern portions of Washington 
connty, the central portions of Anoka, Hennepin and Carver, the 
most of Scott and Le Sueur, the eastern portions of Sibley and 
N^icollet, the central portions of Blue Earth and Martin and the 
southern portions of Jackson and Nobles. In the northwestern 
part of the state an area is supposed also to be underlain immedi* 
ately by this limestone, but its limitts are entirely conjectural, so 
far as they are expressed on the accompanying preliminary map. 
The same is true in respect to the boundaries of this limestone in 
the southwestern part of the state. 

(b.) Its general lithological characters. 

The eastern name of this limestone is Calci/erous sandrock, so 
named from the intimate mixture of dolomitic and arenaceous in- 
gredients. In Minnesota, however, a large proportion of this 
member of the Lower Silurian is a truly magnesian limestone, and 
almost free from sand. In some places heavy and continuous lay- 
ers of white sand are found between equally heavy and persistent 
layers of limestone; while throughout the whole thickness of the 
formation the uniformity of the bedding is liable to interruption 
by the inexplicable occurrence of isolated masses of breccia^ or 
cavernous conglomerate, in which the arenaceous and calcareous 

qualities are intimately and confusedly mixed. The lower beds are 
6 
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often abundantly interstratified with and broken by more or less 
continuous bands of chert. Distinctly oolitic characters also some- 
times prevail. Its color is light, varying from a cream-color or 
light-buff, to a pinkish salmon. While much, even of the most 
evenly bedded portions of this limestone, is somewhat vesicular or 
shows spar-lined cavities, its general firmness is very great, and it 
forms the prominent angles to the summits of the bluf& on either 
side of the Mississippi below the confluence of the St. Croix. These 
even and heavy layers are those usually quarried for building-stone, 
while the less regular and concretionary parts are better adapted 
to lime-making, both from the greater ease with which the beds 
may be removed and their comparative freedom from sandy and 
clayey impurities. 

The following sections have been taken from exposures of this 
limestone, in addition to that given in connection with the under- 
lying sandstone, at Winona (p. 78), and will further elucidate the 
lithological characters of the formation. 

Section at Quincy^ in Olmsted county. 

Taken near the dam. In descending order. . 

1^0. 1. — Lower Magneaian limestone; qaite arenaceous, fallioflr oat in 
huge masseff which are rough, distorted in their crude bedding, and 
unmanageable as a quarrj^-stone* showing much calc-spar. Lime- 
stone and sandstone are mingled with occasional strips of a light- 
green shale. In general the face presents the appearance of an al- 
ternation of horizontal layers of thin and more shalj beds, with 
heavy, coarse and rough limestone beds. Some green shale layers 
alternate with dark umber-colored (ochreous) shale, neither being more 
than two inches thick. They are tortuous and not continuous. This 
phase appears like the tops of the bluffs at Winona, but is probably 
at a considerably higher horizon 30 ft. 

No. 2. — Persistent, white sandstone or granular quartzite, seen 10 ft. 

Total exposure • 40 ft. 

Section at Shakopee^ in Scott county. 

The quarries at Shakopee for lime- burning expose about twenty-five feet 
ot stratification, though the bedding is much confused and almost ob- 
literated by chemical and other metamorphic agencies. The stone 
is very rough and very often a true breccia. It is somewhat arena- 
ceous, and also argillaceous. Some small, shapeless cavities are filled 
with a greenish shale, which, if indurated, would be like some flinty 
spots onen seen in the same formation, as at Winona. Some of this 
shale is so hard as to have conchoidal fracture, and some is so soft as 
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to be like wax or putty in ibe finffen. It yariee through different 
ehadeB of Rreen and blue. It seems to be intimately blended in text- 
ure with, and insensibly passes into, the compact limestone of the 
most fine-grained portions of the quarry. It is not a common in- 
grodient Some other cavities are uned with incrustations of mam- 
millated and drusy quartz. Exposed about 25 ft. 

Section at Mankato^ in Blue Earth county. 

(Qaarry of Maxfield and Sons: in descending order: gentle dip 
N.E.) 

No. I. — Porous magnesian limestone, not used 4 to 6 ft. 

No. 2. — Coarse, friable sandstone 2 to 4 ft. 

No. 8. — Magneeian limestone, burned for lime - ..2 ft. 

No. 4. — Calciferous sandstone, in heavy beds, of various grain and 

texture, sometimes mottled, quarriea for building 30 ft. 

No. 5.— Shale, arenaceous and mottled with red 3 ft. 

No. 6. — Calciferous sandstone, used as a cut-stone, for silh and fronts.. 4 ft. 
No. 7. — Rough and irregular sandstone 12 ft. 

Total exposure 61 ft. 

(No. 7 here is probably the upper portion of the St. Croix sand- 
stone. The thickness of the Lower Magnesian is at least 230 feet.) 



(c.) Fossils of the Lower Magnesian limestone. 

This great dolomite is comparatively meager in fossil contents. 
It affords a small number {three according to Dr. Shumard) of 
sx)ecie8 of trilobites, and a few of bivalve and univalve molluscs. 
Of these tne most characteristic are Dikelocephalus, and other tri- 
lobites ''allied to the family Olenidce^' (Shumard); a handsome lit- 
tle Lingula^ ^' of an ovate shape, with fine concentric striae, not 
distinguishable from Lingula Dacotaensis^^ (Shumard); also an- 
other species of Lingula much larger than L. Dacotaensis; an un- 
named species of Fleurotomaria {?\ an unknown species of Orthis 
TerebrtUula. Besides these the most frequent fossil, perhaps, and 
throughout at least the upper portion of the formation, is a species 
ofEuomphalus {Ophileta?) which is apparently the same that Dr. 
Owen has described and named Straparollus Minnesotensis.* The 
observations of the present survey have only disclosed a gasteropod 

H)npM:e4Siof Owen*8fiiml report. Dr. ShuQUurd describes this fossil as found in F. 1. 
Tet Dr. Owen in his description fp. 681], and on plate II assigns it to the Lotfftr Magnegian. 
A dmilar oontmdiotkm oocurs in the doable assignment of PUurotomaria muraiU. It is re- 
tered from the aame looallcy both to W. 3, and F. 8, so constantly that it cannot be attri- 
tmted to typographical oversight. 
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fossil, probably the same Euomphalus^ ia the upper portion of the 
formation, seen in the bed of the Zumbro, at Rochester, near the 
Bradley House; and a species of Lingula answering the characters 
of L. DacotaensiSy in the same stone where quarried by Messrs. 
Maxfield and Sons, at Mankato. 

In Towa crinoidal remains are found in the Lower Magnesian. 
In Wisconsin near Madison a Dikelocephalus trilobite was found 
in the drift, supposed to be from the Lower Magnesian^ and Prof. 
Hall also reports various indistinct remains of Orthoceratiies. In 
western Canada the Lower Magnesian exhibits a more abundant 
fauna, including different genera of trilobites, orthoceratites, gas- 
teropods, and brachiopods. The great ^^ Quebec group" which, in 
eastern Canada, is supposed to include the Lower Magnesian of the 
Northwest, unfolds an entirely new and wondrously rich assem- 
blage of Silurian fossils. 

(d,) Economical value of the Lower Magnesian. 

The value of this limestone is greatly enhanced by its stratigraph- 
ical position. It is not only the lowest in the geological series of 
the state, but it is separated from the next higher by a considera- 
ble thickness of friable sandstone. Therefore it must serve all the 
uses to which limestone may be put, throughout the area of the 
granitic and metamorphic rocks, '*' and also throughout the adjoin- 
ing belts of the Potsdam and the St, Croix, and the St Peter sand- 
stones on either side. 

As its nanie indicates, it is not a pure limestone, but a dolomite^ 
or magnesian limestone. It usually contains about one equivalent 
of carbonate of lime, and one of carbonate of magnesia, with some 
insoluble silicates, and traces of alumina and iron, the larscest per 
cent, being made up of carbonate of lime. It was formerly believed 
that a dolomitic limestone was not adapted to lime-burning. The 
pure limestones, or those that comprise about ninety per cent, of 
carbonate of lime were eagerly sought for the strength and quick- 
ness of the lime they afford. Such is the character of most of the 
first twenty feet of the Trenton limestone^ which lies above the St. 
Peter sandstone. It has more recently been found, however, that 
the magnesian limestones, to which class belong most of those of 

*No notice is here taken of melanwrphie limestcrua^ some of which may oocur in Mlnn^ 
nesota. They furnish the marbUt of the New Bngland states. 
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Upper Silurian age in the Northwest, as well as the Lower Magnesian 
and the Oalena of the Lower Silurian, afford a qaicklime which, 
although less hot in slacking, and slower in setting, is on the other 
hand more cheaply burned and better adapted to the uses of com- 
mon mortar. 

" The properties of these limestones are very different. Those of 
the first class require to be submitted to a higher temperature in 
* burning ^ than the second. They slake promptly and thoroughly 
and in the operation evolve a great degree of heat. From this last 
fact they are termed ' hot ' or ' fiery ' limes. They ' set ' or harden 
so soon that but two or three bricks can be laid with one 
spreading of mortar, and walls that are made of them have a ten- 
dency to 'chip-crack.' It is quite likely that this last named prop- 
erty can be attributed, in some degree, to the silica and alumina 
that they contain. 

The second class contains tho«e limes that are called 'cool.^ 
They do not give out as much heat in slaking as the limes of the first 
class, nor do they 'set^ as soon. From five to twenty bricks can 
be laid with a single spreading of mortar, and in plast.ering a cor- 
responding advantage can be obtained. 

On purely practical grounds the builders of southwestern Ohio 
bave come to recognize the greater desirability of the limes of the 
.Bst named class, and none others can now find market in the cities 
ind towns of this portion of the state." [Prof. Edward Orton, 
3n the geology of Montgomery county, in the first report of pro- 
gress of the geological survey of Ohio, for 1869]. 

The lime made from the Lower Magnesian in Minnesota is, so 
far as observed, of a very dark color. It is distinguished in some 
places as '* black lime,'' in comparison with that burned from cal- 
careous tufa, which is called ^^ white lime." In other places it is 
known as "leather-colored" lime. Yet even where the bulk of 
the lime produced is of a dark color, some inconsiderable spots and 
streaks are almost as white as lime made from any other forma- 
tion. 

The lime made at Shakopee, in Scott county, is exceedingly 
dark, and is commonly known as leather-colored. It has not the 
purplish or ashen tint of some dark, Ohio limes from the Hamilton 
limestone, but an ochreous or umber color. It is also specked and 
lonetimes streaked with whitish spots or with shades of lighter 
>rown, and in slacking it takes the color of rich cream. 
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At the kiln of Mr. Isaac Lincoln, lime sells at 75 cents per barrel 
of 225 pounds, on the ground. Last year 16,000 barrels were 
shipped, or an average of 1,300 barrels per month. The monthly 
production sometimes reaches 2>700 barrels. The markets are 
mostly St. Paul and Minneapolis. Mr. Lincoln burns from four to 
five cords of mixed wood to each hundred barrels, and uses a con- 
stant kiln of a patent unknown. 

The other kiln at Shakopee is owned by Mr. Baptiste Contre. 
Lime here sells mostly at St. Paul and Minneapolis at 75 cents per 
barrel. The monthly production is from 1,200 to 1,700 barrels, 
consuming four or five cords (mostly four cords) of mixed wood per 
hundred barrels. The kiln is similar to that of Mr. Lincoln. At 
Louisville, four miles further up the Minnesota valley, are two 
other limekilns employed in burning the Lower Magnesian. 

At Mankato, in Blue Earth county, the quarry of Messrs. Max- 
field and Son supplies both quicklime and building stone. The 
former is delivered at the depot at 80 cents per barrel of 225 pounds* 
Twenty cords of mixed wood burn three hundred barrels. 

Stone from the quarry of Messrs. Maxfield and Son, at Mankato^ 
has been used in the construction of the Catholic church at that 
place. The foundation and all dressed stone in the Second Normal 
School building are from the same quarry. The foundation and- 
dressed stone in the City bank and in Harmonia hall, as well as- 
the entire structure of Higgins hall, and the fronts of several bus^ 
iness blocks, at Mankato, are from the same quarry. 

At Kasota, in Le Sueur county, the Lower Magnesian is considera- 
bly wrought, and is finding market at Minneapolis and St. PauL 
Quarries here are owned by Reuben Buttars, J. W. Babcock, and 
by Downs Brothers. TLe stone itself is handsomely tinted with 
pink; and for its beauty, its regularity of bedding which is some- 
times nearly two feet in thickness, and its homogeneous texture 
which renders it easy to shape into all forms, it is adapted to orna- 
mental work as well as heavy masonry. It is cut, as at Mankato^ 
into posts, sills, caps and water-tables. For its adaptability to all 
uses it is worthy of being ranked with the Waverly sandstone, and 
it is more enduring even than that, under the action of atmos- 
pheric changes, owing to the more general and abundant dissem- 
ination of the calcareous cement; while its variegated coloring, and 
its more lively expression make it preferable in many kinds of 
work. It is used in the north and south wings of the state lunatie 
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asylam at St. Peter, and the central portion of the building, when 
completed, will contain it. The Episcopal church, and the old 
Asylum building are also constructed from it. The new Baptist 
church at St. Paul is being made from the Easota stone. In old 
structured where it has been exposed for a number of years to the 
disintegrating action of the elements, it shows as sound and hard 
as ever. It even becomes harder on exposure, as the quarry water 
dries out. 

At St. Peter, in Nicollet county, a quarry owned by the Asylum 
farm affords a stone of a lighter color, but otherwise very similar to 
that from Easota, being also in the Lower Magnesian. 

At Red Wing, in Goodhue county, the quarries near the top of 
La Grange, or ^^ barn bluff*,^^ supplied from the Lower Magnesian 
the stone put in the railroad-bridge over the Mississippi at Hast- 
ings, and also that used in the Episcopal church at Bed Wing. 

At Winona, in Winona county, valuable quarries in this forma- 
tion have been opened in the ''sugar loaf, ^^ by Mr. Toms, and in 
the bluff next west of ''sugar loaf ^' by Mr. James Burke. These 
quarries supplied the trimmings and all cut-stone used in the nor- 
mal school at that place. 

At Stillwater, in Washington county, the Lower Magnesian is 
extensively used for the most important structures. Some of it is 
quite close-grained, and without pores, making a fine cut-stone 
of a light cream-color. Some of it, from the same quarry, is also 
▼ery rough and porous, and of a darker color. That, however, 
which is rough and porous is as enduring as that which is compact. 
Indeed the porous masses are apt to be more lasting and in heavier 
beds than the close-grained. This stone has been put into the 
public school-house at Stillwater, and as trimmings in many houses 
built of brick. The state prison at the same place is built of it. 
The court house is of red brick (made near Stillwater), the trim- 
mings being of the Lower Magnesian quarried at Stillwater, and 
of the blue flagging, from the Trenton quarried at St. Paul. The 
steps in front and the walls at the ends of the steps are of the Low^ 
er Magnesian^ while the coping, sills, lintels and water-tables are 
of the darker colored Trenton. Several churches at Stillwater are 
made of the Lower Magnesian with Trenton blue flags from St. 
Paul, for sills, caps and water-tables. This combination of colors 
gives the structure a very attractive ensemble^ but it is at the cost 
of durability. It is a great mistake to place these blue flags in 
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such exposed parts of important buildings. They are much more 
destructible than the Lower MagnesiaUt and will fall out in chips 
and thin shaly partings long before the weather has any effect on 
the Lower Magnesian of the main walls. 

4. THE ST. PETEE SANDSTONE. 

(a.) Its area. 

The incoherency of this sandstone renders a definition of its area 
very difficult. It is placed between two important limestones of 
the Lower Silurian, both of which endure the erosion of ice and 
water and the disintegrating action of atmospheric forces with 
greater persistence than the sandstone itself. The underlying 
Lower Magnesian is apt, in the southeastern portion of the state, 
to stretch out for several miles over a low flat, its upper surface 
forming the basis. But as it gradually passes, owing to a gentle 
dip, below the surface, occasional isolated mounds rising about 125 
feet above the general level are seen by the traveler. These be- 
come more and more frequent and at last coalesce in the direction 
of the dip, so as to form a continuous flat topped shoulder or bench, 
like the inesas of New Mexico, on which the same features of sur- 
face and soil prevail as on the lower flat formed by the Lower Mag' 
nesian. On examination of these precipitous ascents from the 
lower to the higher prairie, they are found to consist of the St. 
Peter sandstone^ capped with the first fifteen or twenty feet of the 
overlying Trenton limestone. As this protecting limestone has a 
thickness of about 160 feet it also furnishes a further ascent, but 
one that is not marked off by so distinct bench-lines. Owing to 
the occurreuce of considerable shale and easily erosible beds at 
about the horizon of twenty feet above the 5^. Peter sandstone^ it 
happens that often over a wide belt only these twenty feet of the 
Trenton limestone are preserved. They form the brow of the hill 
that separates the lower from the upper prairie, already mentioned, 
and have hitherto been more fully examined than any other por- 
tion of the Trenton within the limits of Minnesota. Hence the 
area of the St. Peter sandstone is actually reduced, where the boun- 
daries of the formations are easily seen, to the narrow belt forming 
the slopes between the upper and lower prairies. These slopes are 
generally turf-covered. The delineation of the area of the St. Peter 
is further complicated by the action of streams. These often cut 



UKIYSBSITT OF MUmESOTA. 89 

their channels through the overlying twenty feet of Trenton^ and 
into the St. Peter some miles above their debouchure on the actual 
area of the St. Peter; and near their entrance upon the area of that 
sandstone their channels are widened out enormously, the enclos- 
ing bluffs receding rapidly from the immediate river banks. In ad- 
dition to these irregularities of outline, there are not infrequently 
detached areas within the general limit of the Trenton limestone 
where the protecting beds of the Trenton are broken down and re • 
moved by some force not now in operation, forming, in the St, 
Peter^ basin-shaped depressions, the bottoms of which are on the 
Loteer Magnesian^ the surrounding bluffs being made up of the St, 
Peter sandstone^ and the high prairie stretching out in all direc- 
tions being underlain by the Trenton. Such arroya valleys, which 
are now without any visible surface drainage, are sometimes united 
by wide mouths with other, larger valleys that present a similar 
topography. Indeed the whole belt of country underlain by the 
outrunning Trenton and the St, Peter sandstone is made up of a 
network of little valleys many of which coalesce and become trib- 
utaries to larger drainage valleys, and some of which appear simply 
as isolated depressions. It is a tract of rolling country of great 
beauty of natural scenery, and most perfectly exemplifies the effect 
of geological causes on the topography and agricultural character 
of the state. 

This belt of rolling land immediately dependent on the underly- 
ing rock enters the state from Iowa in Houston county, in a gen- 
eral northwesterly direction. It embraces the western portions of 
Hoaston and Winona, the eastern portions of Fillmore and Olm- 
sted, and some portions of Wabasha, Goodhue and Dakota counties. 
Further northwest, in the counties of Ramsey, Hennepin and 
Anoka, the area of the St. Peter sandstone is heavily covered by 
drift, and its presence would not be known except for its exposures 
in the Mississippi bluffs, and the known limits of adjoining forma- 
'fcions. From Dakota county the St. Peter sandstone extends theo- 
retically southwestwardly in a belt of 6 to 10 miles wide, passing 
-fchrough the central part of Rice county, touching the northwest 
'Csomers of Waseca and Faribault, and leaving the state again in 
3£artin county in a southwesterly dir<^ction. On the other side of 
'fthe granitoid axis, in the northwestern portion of the state, a belt 
-of this sandstone is supposed to exist, and is conjecturally laid off 
on the preliminary map accompany this report. 
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(b.) Lithological characters of the St. Peter sandstone. 

The outward, and also the chemical characters of this sandstone^ 
in Minnesota, are, so far as seen, remarkably constant and simple* 
It is white, ^^ saccharoidal,^^ friable, non-fossiliferons, and consists 
almost entirely of pure quartz sand. It contains not enough lime 
to act as cement, and hence can almost everywhere be excavated 
even with the fingers. On exposed surfaces, as along the hlntk of 
the Mississippi, where dripping water passes over it, the grains be- 
come more bound together by deposition of carbonate of lime and 
iron oxide, and its delicate whiteness is lost. Indeed, wherever 
water in the smallest quantity is allowed to trickle through it, a 
deposit of iron oxide is invariably seen, since rarely, if ever, is any 
surface water found entirely free from that impurity. 

A number of sections have been observed of this formation, but 
the characters seem to be invariable throughout. Its thickness is 
about 125 feet, and it is the immediate cause of a great many water- 
falls. The falls of St. Anthony are caused by the passage of the 
river from the Trenton limestone onto the St. Peter. The latter^ 
rapidly worn away by the current, leaves the projecting limestone 
to fall down in heavy blocks as fast as it becomes too feeble to sup* 
port further its own weight. This protecting cap of limestone ex- 
tends but a few rods above the present brink of the falls, and it- 
was a thoughtless tunnelins: underneath, in the soft St. Peter^ that- 
admitted the water of the Mississippi a few years since, above the 
limit of the limestone, thus endangering the existence of the falls* 
themselves. They would soon have been reduced to a foaming- 
rapid, which eventually would have entirely disappeared. Vigor- 
ous measures were speedily adopted by the citizens of Minneapolis, 
tardily aided by the U. S. government, to secure the water-power, 
and by carefully shutting off the water from the tunnel, and ^^apron- 
ing ^^ the waterfall itself with heavy timbers and planking, as well 
as laying over the river bottom above the falls a thickness of gravel 
and clay to prevent a further erosion, it is believed that desirable 
* object has been effectually secured. The falls of Minnehaha are 
also caused by the same conjunction of a drainage stream with 
the boundary line separating the St, Peter from the Trenton lime-' 
stone. This unique and legendary little gem of a waterfall has a 
perpendicular descent of 52 ft, 10^ inches from the brink of the 



UNIVERSITY OF 1CINNB80TA. 91 

oyerhanKing limestone to the surface of still water below. Aboat 
twenty-five feet of that distance are taken up with the St. Peter 
Bandstone. Numerous little cascades of great beauty enter, the 
Mississippi in the vicinity of St. Paul and Minneapolis. As these 
are projected over the limestone rim which borders the Mississippi 
bluffs, they are thrown in more or less entire sheets of clear water 
into the river below. Such are known as the fawn's leap^ the bridal 
veil^ the silver cascade and the silver thread. 

The singular pillar in Dakota county, known as Castle Rocky 
consists of the St. Peter sandstone. It stands on the arch of the 
local anticlinal axis from which the beds dip gently both toward 
the north and toward the south, and is an outlier from which most 
of the formation has been removed over an area of some miles 
about. Its form is that of a somewhat regular right prism, or par- 
allelopipedon, elongated north and south, supporting on its north- 
em end a pinnacle of bedded sandstone about four feet in diameter 
at the base, which rises above the general mass 19 ft. and 3 inches. 
A view from the west shows of rock 44 feet and 9 inches, rising 
above the general surface of the sandy mound on which it stands. 
Rock can be seen on the east side about 20 feet lower than on the 
west. A depression along the east side of the outlier is 26 feet be- 
low the lowest rock visible. From the bottom of this depression 
to the top of the tower is 70 feet If iut^hes. The irregularly as- 
cending base visible from the west is 11 ft. 6 in. The perpendicu- 
lar sides of the general mass of the rock are 14 ft., and the tower 
is 19 ft. 3 in. Near the base of the tower is a somewhat argillace- 
ous layer, or one less firmly cemented, of a few inches, which 
weathers away £aster than the rest, making the diameter there con- 
siderably less than above. Hence the tower has a threatening as- 
pect, and the first impression of the beholder is the certainty that 
the first severe blast of wind will throw it from its place. The 
mass of the whole is separated perpendicularly by a number of di- 
visional planes that also may be seen entering the rock below the 
castle. These pass in a direction N. E. and S. W. and have so 
aided the attacks of the elements and invited the ambitious but 
sacrilegious carvings of visitors that a hole has been made through 
the body of the rock. 

(c.) Economical value of the St. Peter sandstone. 
The St. Peter furnishes inexhaustible quantities o'f the purest 
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quartz sand. Its easy excavation renders it obtainable for common 
mortar and for glass-making. Its exposures along the Mississippi 
bluffs at and below St. Paul invite its use in the manafacture of 
flint glass of which it is known to make a very superior articI6. At 
Minneapolis the close proximity of waste fuel from the lumber 
mills, ample water-power and favorable exposures of this formation 
ought long ago to have been improved in the establishment of a 
glass manufactory. At the present time Minnesota furnishes from 
^he St, Croix sandstone a sand believed to be inferior to that from 
the St. Peter^ which, taken to a neighboring state, supplies the 
glass that returns to]her citizens encumbered with a double freight- 
age. This process ought to be arrested by the utilization within 
our own territory of this vast resource, peculiar largely to Minne- 
sota. At present this sandstone is not known to be used for any 
purpose within the state except for mortar for the local markets 
and as an engraving board for idle boys. Sometimes beer vaults 
are made in it along the river blufi^, and sewers for the drainage of 
the cities of St. Paul and Minneapolis are excavated through it, 
the overlying limestone affording a secure roof. 

5. THE TBENTON" LIMESTONE. 

(a.) Preliminary considerations. 

This term is here applied to that series of limestones and shales 
that fill up the interval between the well marked hoiizons of the 
top of the St. Peter sandstone^ and the bottom of the Galena lime- 
stone. It is quite likely that when this series of beds is fully ex- 
amined differences may be ascertained warranting its separation 
under two or more names, but at]the present time the characters 
of its' whole thickness, which amounts to nearly 160 feet, are so 
little known that it has not been possible to establish any constant 
paleontological or lithological horizons. Dr. Owen, in his final re- 
port on Wisconsin, Iowa and Minnesota, mentions only the lowest 
34 feet of these limestones, owing to the more frequent exposure, 
as has been mentioned already, of that portion of the Trenton, 
Those 34 feet Dr. B. F. Shumard separates into the following 
parts: 

1. Upper, or St. Peter shell limestone, F. 3. c 6 feet. 

2. Non-fossiliferous bed, F. 3. b 5 feet. 

3. Lower shell limestone, F. 3. a 23 feet. 
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The geologists of Wisconsin haye described these limestones un- 
der the terms ^^buff limestone ^^ and ^^blue limestone," the former 
lying below the latter, following the preliminary sub-division of 
Dr. Owen, published in a report of progress in 1840. They there 
have a thickness of 70 to 90 feet.* These distinctions have not yet 
been observed in Minnesota, and the aggregate thickness of the 
beds is considerably greater. The early geologists of Iowa gave 
the term Trenton limestone to all the layers between the St. Peter 
and the Galena and assign them an aggregate thickness of 100 
feet.t Dr. C. A. White, also, of the recent geological survey of 
Iowa, embraces these shales and limestones under the single term 
Trenton limestone^ but ascertains their thickness to be about 20O 
feet.t Mr. Worthen, in Illinois, embraces the Galena^ the Blt4e 
and the Buff limestones under the term of Trenton Group^ giving 
the latter two a united thickness of 70 to 105 feet, the Galena over- 
lying, having a thickness of 250 to 300 feet.§ 

(b.) Area of the Trenton limestone. 

The Trenton occupies a belt of country lying just within that of 
tlie St, Peter^ in the southern part of the state, and conjecturally 
an area in the northwestern part of the state. The former may be 
described with considerable exactness. By reference to the de- 
scription of the area of the St. Peter it will be seen that the line 
separating thebe two formations is very crooked, especially in the 
southeastern portion of the state, where the drift is light. The 
causes that operated to give this line such a winding direction, up 
and down hundreds of little valleys, seem to have pertained largely 
to pre-glacial time, and to have continued also into, and near the 
close of, the ice period, — or to have recurred, after a suspension , 
during the ice period with all their former activity. They seem to 
have been closely connected, perhaps identical, with those that ex- 
empted this region from the heavy covering of drift that prevails 
farther west and north. At leasts it is plain that the absence of 
the drift has allowed the freer action of the elements that slowly, 
bat eflFectually disintegrate and remove 'rocky structures, causing 
those which are most endurins: to stand out most prominently, af- 

*0€ological nirvey of WiseonHn, 1861, vol. I. 
tOeoIogy of lowa^ 1868, vol. I. part L 
;6eoIo^ of ioioa, 1870. vol. I. 
iGeoIogiinu survey erf Illinois^ vol. I. 



d4 ANKUAL REPORT. 

fording shelter to those which retreat fastest irom their attacks. 
The western line of the St. Peter is the eastern line of the Trenton^ 
in the southeastern portion of the state, and need not be farther 
defined. The western line of the Trenton, in the same region, al- 
though less tortuous than the eastern, is still quite irregular, the 
overlying Galena comparing, in respect to relative endurance, to 
the Trenton^ very much as the Trenton does to the St. Peter. It 
is impossible definitely to lay out this area until the various coun- 
ties are examined in detail, but in general the area of the Trenton 
comprises a wide belt through the central portions of Fillmore, 
Olmsted and Ooodhue counties, including three or four towns in 
the southwestern corner of Winonai and touching the southwest 
cori^er of Wabasha. This belt is then deflected westward through 
the counties of Rice, Blue Earth and Faribault, leaving the state 
probably in Martin county. Isolated areas occur in Dakota county, 
capping the St. Peter sandstone; and a large detached area of the 
lower portion of the Trenton^ with a local dip toward the north, 
covers the northern portion of Dakota and much of Ramsey and 
Hennepin counties. This detached area gives location to the falls 
of St. Anthony. The area of Trenton in the northwestern portion 
of the state is laid off conjecturally, the only guide being the re- 
port of Prof. H. Y. Hind on the Assiniboine and Saskatchewan 
districts of British America, printed in 1859. 



(c.) Lithological characters of the Trenton limestone. 

In Minnesota^ as far as seen, the Trenton limestone is abundantly 
associated with be^s and laminations of green shale. The calca- 
reous layers themselves are usually from one to four inches in thick- 
ness, but sometimes exceed a foot, while the beds of shale are apt 
to be massive and sometin.es have a thickness of ten feet. The 
shale beds are often supplied with fragmentary fossils, and the 
layers of limestone are uniformly fossiliferous. The calcareous and 
argillaceous portions are also in some portions of the formation 
more closely interstratified; or the shale may be interwoven with 
the calcareous layers in such a way as to replace them at short in- 
tervals, the whole adhering strongly on fresh fracture, but on be- 
ing weathered readily disintegrating. This is the aspect of some 
of the beds near the bottom of the formation which are used for 
building purposes at St. Paul and Minneapolis. The stone in this 
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'.ase has an attractive exterior on being dressed under the hammer, 
;he variegations due to the alternating shaly and limy parts giving 
;he face a clouded appearance, as of gray marble, without being 
susceptible of a uniform polish. Where protected from the weather 
the shale will endure, and act as a strong filling for the framework 
3f calcareous matter for a long time; but under the vicissitudes of 
moisture and dryness and of freezing and thawing, it begins to 
crumble out in a few years. In other places the calcareous layers, 
e^en ou the same horizon as at Minneapolis and St. Paul, are very 
much thicker and afford strong unyielding material for building, 
[n this last case the calcareous layers are more strongly crystal- 
ine, but not vesicular. Many of them, especially when associated 
rith considerable shale, are nearly made up of fragments of fossils, 
iaible to the unaided eye, and doubtless the shale beds are also 
alcareous as well as sedimentary. The texture of the stone is 
lose; yet some portions near the base, thought to be the beds de- 
lominated by Dr. Shumard ^* upper shell limestone,'^ are often 
"esicular and of a light color. The natural color of the 8tone, on 
leep quarrying, is blue, but it is often faded to an ashen drab to 
*he depth of several feet, depending on the ease with which water 
ind air find access within. The porous layers are apt to be most 
Taded. The long weathered snri'ace is of a light buff color, or if 
iron be present in dripping water, or contained in the stone as 
pyrites so situated as to be oxidized, the color is sensibly deepened 
to a rusty yellow. 

The effect of this formation on the topography of several conn- 
ties in the southeastern portion of the state has been alluded to in 
connection with the same subject in treating of the St Peter sand' 
stone. Owing to the frequency of shaly interlamihations its out- 
line, where the drift is light, is not so well defined in terraces as 
that of the overlying Oalena, Its line of junction with the St. 
Peter sandstone is, indeed, very evident even in all its tortuosities, 
bat its junction with the Oalena is generally hid by a sloping, turf- 
covered talus of debris; and it is only at favorable places in the 
bluffs along the streams that a knowledge of that horizon can be 
obtained. The whole formation weathers away so evenly that 
where its effect on the topography is not brought out by drainage 
erosion or by the Galena litnestone or the St. Peter sandstone^ it 
produces nothing more than a gentle swell or evenly rounded ridge 
exposing none of the beds. 
Sections have been observed covering all the beds of the Trenton 
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The best section of the lower and upper shell heds^ of Dr. Shamard^ 
is that taken at the falls ot Minnehaha, although the same beds 
are seen well exposed at many places between St. Anthony^s falls 
and St. Paul. 

Section at the falls of Minnehaha^ Hennepin county. 

In descending order. 

No. 1. — Bedd 6 to 14 inches, very fossiliferous and sometimes vesicu- 
lar. Contam Leptoena deltaidea in abundance* and Strophmena 
altematu (?h also a Cypricardites. This is an important and 
marked horizon to which other sections may be referred. It 
forms the brink of the falls, but its best exposure is in a bluff a 
few rods below. Seen 9 ft. 

No. 2. — Arenaceous limestone of a ^eenish color, weathering out 
conchoidally 2 ft. 

No. 3 — Arenaceous shale, weathering^ fine 2 ft. 

No. 4. — Blue flagrsing:, with considerable grreen shale. The principal 
building: stone of Minneapolis and St. Paul is from this member. 
Great portions of this are made up solely of commmuted fossil 
remains showing: crinoidal joints. It is of sedimentary rather 
than of chemical ori^ 13 ft. 6 in. 

No. 5.— Green shale, about midway containing^ one layer of about 

two inches of limestone 3 ft. 8 in. 

No. 6 — S^ Peter sandstone^ somewhat arg:illaceous, and of a gfreen- 
ish blue color 2 ft. 

No. '7. — St, Peter aandhtone^ superficially stamed and hardened by 
lime and iron 25 ft. 

Total 57 ft. 2 

Total of the Trenton 30 ft. 2 in 



Section near the falls of St. Anthony^ Hennepin county. 

A quarter of a mile below the university. In descending order* 

No. 1 . — Limestone, mostly of a close grain and brig:ht blue color, show- 
ing: many fossils, principally of Lepttena deltoidea^ but also contain- 
ing: cephalopods and g:a6teropods. The fossil remains are usually not 
fragmentary. They are apt to lie in sheets, msJcing: dark streaks 
horizontally separating: the bedding:. Under the weather this stone 
falls out in chips 3^ to 2 inches thick and 4 to 8 inches across, which 
ring: under a blow from the hammer. The surface weathers a rusty 
buff, the stone itself becoming: a gray drab 11 ft. 

No. 2. — Blue shale, crunjblinfi: out, the upper four feet somewhat bedded, 
the rest below massive, the whole occasionally showing patches or 
short sheets of fragnnents of brachiopods, &c., making the rode more 
calcareous and enduring 9 ft^ 

No. 3. — Blue fiag^g, quarried here and placed in the west wing of the 
university building. This stone is ratner too argillaceous to be a re- 
liable building material, yet is extensively usea. Some parts of it 
are free from shale. Such beds furnish a firm and very ensuring: 
stone 15 
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No. 4. — Blue shale, parting conchoidally under the weather, seen 2 ft. 

[No. 5. — St. Peter sandstone, to the water level 38 ft.] 

Total of the TrenUm 37 ft. 

The total hight from the water's edge, at this qaarry, to the 
sammit of the drift bluff on which the aniversity stands, measured 
by Locke's level, is 137 feet. 

There is no visible dip here in the bedding, but at the falls of St. 
Anthony the dip is two or three degrees to the southeast. 

At the point where the foregoing section was taken the St. Peter 
sandstone is tunneled artificially to the depth of nearly 200 feet, 
the excavation being ten or twelve feet in diameter, rudely dug 
out and arched. It was intended for a beer-vault. 



Section at St. Charles^ in Winona county. 

At a quarry near St. Charles, half a mile south of the city, the 
lower portion of the Trenton appears as follows, in descending 
<»rder: 

No. 1. — Hard, crystalline, calcareous layers, ringing onder the hammer, 

of a light drab color, without shale, f ^ssiliferous 15 fl. 

No. 2. — Bluish green shale, about 10 It. 

[No. S.St. Peter sandttone, seen 6 feet.] 

Total Trenton 25 fb. 

At this place the dip is two or three degrees S. W. St. Charles 
sits on the top of the Lower Magnesian limestone^ which is seen in 
a quarry a little N. E. of the city, and is nearly surrounded by 
blufis formed by the St, Peter sandstone^ capped with the lower 
portion of the Trenton. This exposure of the Lower Magnesian is 
along a little creek, the amount of bedding seen being about 16 
feet. 

Sections at Rochester^ in Olmsted county. 

At the " old Harmon quarry," from which the flouring-mill and 
tbe foundations for the new public-school house were built, the 
lower portion of the Trenton appears as follows, in descending 
order: 

l$o. 1.— Green shale, seen 4 ft, 

[This is s>iid by Mr. Hnrlbut to be about 14 feet thick where 
it is all preserved.] 
l9o. 2.~Hard, brittle limestone, in two beds, separated by about two 
inches of green shale. This is much like No. 1, of the foregoing 

7 
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section at St. Charles. It has a drab color. A handsome Stro- 

phomena is the moat characteristic fossil 1 ft. 

No. 8. — Alternations of shale and limestone 1 ft. 

No. 4. — Limestone of the same kind as No. 2, with some partings of 

shale, but sometimes quite blue instead of drab, seen 10 ft. 

No. 5. — Blue shaly limestone> more like the blue flaffging quarried at 

Minneapolis. Not well exposed; amounts to about 6 in. 

Total Trenton seen 16 ft 6 in. 

At another point further west, on Mr. 0. P. WhitcomVs land, 
the bed of green shale separating the foregoing Trenton from the 
St Peter sandstone^ or rather forming the base of the Trenton^ may 
be seen in a weathered blaff, exposing a thickness of about ten 
feet, as at St. Charles. The quarry of Mr. 0. P. Whitcomb, at 
Rochester, is made up as follows, in descending order: 

No. 1. — Green shale, containing fragmentary crinoidal stems, ChasteUs 
and various small brachiopods, among which may be distinguished a 
Rhynehonella, [Mr. Hurlbut thmks about 5 fe3: more are broken 
down from above, not now visible.] seen 10 fL 

No. 2. — Limestone, of a drab color and fine grain, in beds of about three 

inches, with much intervening shale in continuous layers 3 ft. 

No. 8. — Ck>mpact limestone, used in building, of a blue color, but com- 
paratively free from shale. 17 ft. 

No. 4. — Green shale, lying on the 8U Peter sandstone, not well exposed, 

seen 1ft. 

Total Trenton seen. . 32 ft 

From No. 2, above, have come some of the finest and largest 
specimens of cephalopods. 



Section on Root river^ in sec. 16^ Pleasant Grove^ Olmsted county. 

At the point observed the section consists, in general, as follows, 
in descending order: Perpendicular escarpment showing generally 
a thin bedded and often shaly rock, the thin shale partitions being 
as thick as i or 1^ inches, about 37 feet. The descent then is ir- 
regular over beds of argillaceous limestone and shale mostly hid 
from view. Some of these shale beds are six and eight inches 
thick, and from them, where crumbling under the weather, frag- 
ments of fossils fall, such as Chcetetes (principally), Maclurea and 
Orthis. The limestone weathers rough and thin-bedded, and shows 
lieceptaculites. This interval includes about 47A^ feet. There is 
then a broad shoulder, making up a talus covering, as disclosed. 
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further down the river, a heavy bed of green Rhale, which overlies, 
near the water's edge, the limestone layers of the foregoing sections 
at Rochester, 42 feet. Total of beds supposed to be of the Trenton^ 
186i feet Combining this section with the observed thickness at 
Rochester, omitting the overlying shale bed (here embraced in a 
talus) the observed thickness of rocks of Trenton age amounts to 
15&i> feet against the 34 feet observed by Dr. Owen. 

Sections cU Mantorville^ in Dodge county. 

The Mantorville quarries show the horizon of the junction of the 
Trenton with overlying Oalena. The same horizon is better ex- 
posed at Pettit's mill, one and a half miles below Mantorville, on 
sec. 22, T. 107, R. 16, along the middle branch of the Zumbro 
river. These sections are as follows: 

Ist. That of the quarry of Mr. Charles Ginsberg, in descending 
order: 

X^a 1. — [Loose fraflrments, 5 fl.] 

T^o. 2. — ^neavv beds of vesicnlar, magnesian buff limestone 8 ft. 

^3^0. 3. — ^Thin oeds of the same, with a little shale 4 ft. 

'Ko 4. — Heavy, buff, maRnedan beds 7 ft. 

^Xo, 5. — ^Tbin, oliie argillo-magrnesian beds 10 ft. 

^o. 6. — Even-bedded Toafirnesian limeatone, the bedding: of which 

weathers out from two to six inches, (poorly seen) 5 ft^ 

Total seen 34 ft. 

At this quarry thf^ buff or cream colored stone shows a light blue 
-color in deep quarrying. 

2d. The quarry of Mr. Samuel Wilson, located near Mr. Gins- 
berg's, includes more of the Oalena. 

Kg. l.—riioose frafrments, 4 ft.] 

No. 2. — Beds from six to twenty inches each, of vesicular, ma^?- 
nesian limestone, almost free from iron, fine for a " quarry 
stone" 30ft. lOin. 

Ko. 3.— Thin, slaty, argillo-maflrnesian beds 1ft. 6 in. 

Ko. 4.— Good, heavy beds of magnesian limestone, same as No. 1. 11 ft. 6 in. 

lilo. 5. — Shaly and thinner beds, seen 5 it. 

[Note. — Where these beds are weathered out, a white de- 
posit is accumulated on the slope below, having much the 
taste of lime, yet m^ consist of alumina and lime. On the 
fiice of the rocks the ooatinj; is bitter and sour, tasting some- 
what like Epsom salt.] 
1^0. 6.— Heavy magnesian lavers, of a buff color, with consider- 
able shale, same as Nos* 3, 4 and 5, of Ginsberg's quarry, but 
poorly seen, about • • 20 ft 

T^>tal8een 68ft. lOin. 
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The Episcopal church and chapel and the school building belong- 
ing to the same society at Faribault, as well as the public school 
houses of the city, and some large business blocks are laid up with 
this limestone. 

The ^^ Faribault marble ^^ is a bed in the same quarries, lying* be- 
tween common building-stone layers, and having a thickness of 
something less than a foot. It is susceptible of a fine polish, and 
has a gray color. It is made into table and stand trimmings which 
show various markings and mottlings, owing to the contained fos- 
sils and the various lithology of the stone. 

6. THE GALENA LIMESTONE. 

(a.) Its area. 

The line of junction of the Oalena with the Trenton is pretty 
well marked in the southeastern portion of the state through the 
counties of Fillmore and Olmsted, but its junction with the Ma- 
quoketa shales has not yet been observed at a single place. Hence 
the width of the Galena belt is unknown, although it does not 
probably exceed ten miles. In the southwestern portion of Good- 
hue county the Gahna is deflected toward the west, and finally in 
Rice and Waseca counties toward the southwest, passing through 
Faribault and leaving the state in Martin. 

(b.) Its Uthohgical characters. 

This limestone was included by Dr. Owen in his designation 
** Upper Magnesian limestone," that term also covering the Niag- 
ara limestone which is separated from the Oalena by a thickness, 
unobserved by Dr. Owen, of about 75 feet of shales named by Dn 
€. A. White of Iowa the Maqiwketa shales. It was, however, dis- 
tinguished by Dr. Owen under the special designation of " lead- 
bearing beds of the Upper Magnesian.^' Lithologically it has a 
-great similarity to the Niagara. Its usual color is buff, although 
on deep and fresh quarrying it also shows that its normal color, 
like most other limestones, is blue. Its composition, like that ot 
the Lower Magnesian^ is dolomitic, comprising a large percentage 
of carbonate of magnesia. Its texture is open, even porous, with 
minute cavities. It also exhibits large cavernous patches, with a 
rough and forbidding aspect. These, however, are not common, 
the sedimentation having been generally so undisturbed by chem- 
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ical or mechanical agencies that the layers are yet Well preserved. 
-The grain is crystalline, and sometimes granular. Minute crystals 
^f brown spar often line the cavities. It also sometimes embraces 
iron pyrites which, weathering out, stains the face of the rock with 
a rust of iron. It probably also embraces galena in some parts of 
its area in Minnesota, although this mineral has not actually been 
found contained in the rock. Pieces of considerable size are found 
by the farmers in Olmsted county in plowing near the bluffs of 
this formation, which have apparently fallen down on being loos- 
ened by the weather, the drift there being comparatively light. 
The lower beds of the Galena are interstratified with the Trenton. 
This may be seen by comparing the sections covering that horizon 
at Mantorville and at Pettit^s mill. (See pages 99 and 100.) A 
thickness of about 20 feet is taken up by alternating shale and 
limestone, the latter gradually losing its distinctly dolomitic char- 
acters and passing into the grayish and blue compacter beds of the 
Trenton. 

In the southeastern portion of the state, where the Galena^ ow- 
ing to the thinness of the drift deposit, is seen in the bluffs and 
H;erraces with which the face of the country is diversified, its irreg- 
ular outline is easily traceable for many miles. It forms the sum- 
mit of a distinct terrace of which the underlying Trenton shales 
•and limestones constitute the foundation, and from the top of which 
the overlying Maquoketa shales seem to have been denuded. It 
thus shows its more persistent character more distinctly than if it 
lay between formations of equal hardness. Its thickness is esti- 
mated at 180 feet. 

The lithological iharacter of the Galena is also frequently evident 
in the form of precipitous escarpments, and prominent, often de- 
tached, crags along the valleys of streams, where their channels 
are deeply cut. The point lying between two valleys which unite 
is sometimes wrought by the combined action of water and air idto 
picturesque or fantastic shapes, the beauty and grotesqueness of 
which is hightened by the seclusion of the place. These unevenly 
. weathered surfaces are due to variations in the hardness and dura- 
bility of the texture of the Galena. 

Some of the observed sections in the lower portions of the Galena 

■ bave already been given under the head of the Trenton limestone, 

TThoee at Mantgryille and Pettit's mill expose upward of 40 feet of 

^his formation, and need not be repeated here. The beds exposed 

Mr. Thomas Garrick^s quarry, on sec. 18, in Rochester, Olmsted 
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county, show about 25 fbet of a yery uniform and evenly bedded 
stone, of a buff or light cream-color, and crystalline, often granu- 
lar texture, in which are many cavities from which the fossils have 
been absorbed, besides often a minutely vesicular and open atruct- 
ure. 

(c.) Fossils of the Oalena lifnestone. 

Wherever the Galena has been examined in Minnesota, the most 
striking, and perhaps the commonest fossil is the sunflower coral^ 
Receptaculites. Examination sufficiently detailed has not yet been 
made to establish the species to which specimens collected may be* 
long. There can be but little doubt, however, that the usual spe- 
cies at Dubuque (Oweni. Hall) is also the most common in southern 
Minnesota. Orthoceratites, sometimes of large dimensions, are also 
common in the Galena^ especially near the base. Species of Mur^ 
chisania^ and apparently of Pleurotomaria have also been seen. Of 
brachiopods various species that appear like Orthis and like Stro* 
phomena^ in addition to Lingula quadrata (Eichwald,) have been 
collected from the outcrops of the Galena. The paleontology of 
the Galena is studied under unfavorable circumstances arising from 
the crystalline condition of the rock, which has generally caused 
the absorption of the shelly portion of the animal, leaving only its 
shape entombed in the form of a cast. In other cases the fossils 
are so nearly obliterated by this means that the casts themselves 
are chemically united with the mass of the rock, rendering their 
separation impossible. 

(d.) Economical value of the Galena limestone. 

This limestone derives not only its name but its special interest 
to the geologist and great economical value to the states further 
south, from the occurrence in it of workable and valuable deposits- 
of the sulphurets of lead and zinc, called galena and blende. These 
deposits specially prevail in that district denominated by Pro£ J. 
D. Whitney " the driftless region/' in the states of Iowa, Wiscon- 
sin and Illinois. This driftless tract spreads much further north- 
westward, covering much of the southeastern portion of Minnesota. 
Fully admitting Prof. Whitney's theory as to the non-submergence 
of this region since the deposition of the Silurian limestone, there 
are many facts which will not permit such non-submergence to* 
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explain the apparent absence of the northern drift in that part of 
the Northwest, chief among which is the absence of proof that any 
portion of the drift of the Northwest is due to general submergence 
below the waters of the ocean. The fact of the thinness of the drift 
in soatheastern Minnesota has been referred to under the head of 
tujrface geology. The features of surface that prevail throughout 
this district are the same as those seen about Dubuque, in lowa^ 
and generally throughout the ^' lead region of the upper Missis- 
sippi.^' The characters of the Galena limestone in Minnesota are 
essentially those of the same limestone in the lead district. The 
evidence is therefore presumptive of the existence of galena in> 
workable quantities in the northern extension of this formation in 
Minnesota; at least no cause is known for the limitation of the 
lead-bearing area to the district in which it is chiefly developed. If 
the origin of the sulphurets that fill the cavities in the Oalena 
be due to the infiltration of those minerals from oceanic waters* 
holding the sulphates of the same metals in solution at the time of 
the formation of that dolomite, there is no known reason why the 
Oalena will not embrace the same sulphurets throughout its ex- 
tent, at least wherever the causes that produced the precipitation 
ipvere in force. The cause of that chemical change, assigned by Mr. 
Whitney, is the decomposition of vegetable and animal remains in 
the underlying ''bituminous*^ shales of the Trenton^ a process- 
^hich, evolving sulphur in the form of sulphuretted hydrogen, 
would necessarily convert the sulphates in the waters through 
which it rose, into the corresponding sulphurets. The precipitates- 
gathered in such shrinkage cracks or other cavities as were favora- 
ble for its accumulation. These conditions all prevailed, so far as 
can be learned from the appearance of the rocks themselves, in 
southern Minnesota equally with southern Wisconsin. When in 
connection with these theoretical considerations it be remembered 
that occasional cuboidal pieces of galena are found in the soil in 
that part of the state where this dolomite occupies the surface, it 
may be regarded as quite probable that the lead-bearing area ex- 
tends also into the state of Minnesota, and that by careful and 
systematic exploration it may be found in the rock itself in paying 
quantities. 

For lime the Cralena is not much, used in Mipnesota. Yet it 
will make a lime of superior excellence. It will burn easily and 
cheaply owing both to its vesicular texture and the presence o^ 
magnesia in the form of a carbonate. It will make a lime of con-^ 
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siderable body, but less quickness in slacking and setting than that 
from the Trenton. In that respect it would resemble the quick- 
lime from the Lower Magnesian^ but it would be whiter, and freer 
from siliceous matter. The granular texture seen in some parts of 
the Gale^M, a character common to most magnesian limestones, 
has sometimes made it pass for a sandstone, and for that reason, 
although used for a building material, it has not generally been 
tested for quicklime. Lime for the local markets of southern Min- 
nesota ought all to be supplied from this formation. It furnishes 
in many of its exposures, along the valleys of streams, the best of 
•opportunities for quarrying. 

When in connection with its fitness for quicklime, its merits aa 
-a building stone are considered, it is made a little surprising thaL 
no more working in this formation has been done. It not only 
furnishes a building material suitable for all ordinary uses in foun- 
dations and abutments for bridges, but it also cuts easily to a regu- 
lar and smooth surface. Its bedding is sometimes heavy, reaching* 
two or three feet in thickness, and the stone is strong enough to 
•endure both pressure and long weathering. It is of a light and 
lively color, and in that respect has the advantage of darker colored 
stone. The quarries at Mantorville, owned by Messrs. Wilson and 
Oinsberg, have furnished a large amount of good building stone 
which has been hauled many miles over the country in various di- 
rections, past many inviting outcrops of the same formation. It 
is owing to the investigations of an amateur geologist,"*" that the 
existence of this stone in many other places has been made known 
to the citizens of Olmsted county. Through his recommendations 
it has recently been opened near the city of Rochester, and is found 
to supply a stone equal in all respects to that taken out at Mantor- 
ville. The quarry of Mr, Thomas Garrick, on section eighteen in 
the township of Rochester, Olmsted county, exposes twenty or 
twenty-five feet of evenly bedded Galena^ useful for general build- 
ing. At Rochester, Cook^s block, the court house, the public 
school-house and Heaney^s block are all faced and trimmed with 
the Galena^ hauled from Mantorville. At Mantorville the court 
house and the school-house are entirely built of it; the former, 
however, showing several large iron stains in the front walls. 

*Mr. W. D. Hurlbut, of Rochester, Minn. 



UKIVEBSITT OP MINNESOTA, 109- 

7. UPPER SILURIAN AND DEVONIAN. 

The formations that have thus far been described are all included 
below the Uppqr Silurian. The Maquoketa shales of Iowa, which 
overlie the Galena are also embraced in the Lower Silurian. The 
Galena^ however is the highest member of the Silurian that has 
jet been identified in the state. It is expected that when more^ 
detailed exploration shall have been made, the remainder of the 
Lower Silurian, the upper Silurian and the lower portions of the 
Devonian will be found to occupy a considerable area in the south* 
ern portion of the state. The areas asbigned to these rocks in the 
preliminary map accompanying this report are hence based on the 
known trend of other formations, and on the maps of the neighbor- 
ing state of Iowa, which show the Upper Silurian and Devonian a» 
leaving that state and entering this. The same is true of the areaa 
given these rocks in the northwestern portion of the state, the 
geological map by Prof H. Y, Hind, of the Winnipeg district, rep- 
resenting the Devonian and Upper Silurian as entering Minnesota 
firom the north • 

8. THE CRETACEOUS, 

(a.) Preliminary considerations. 

The geological frame-work of the state having been completed 
by the deposition of the foregoing Silurian (and Devonian?) rocks, 
it remained above the oceanic waters during the whole of the Car- 
boniferous and a greater part of the Mesozoic ages, during which 
it underwent only the vicissitudes of atmospheric changes, till the 
period of the Cretaceous. Large portions of the American conti- 
nent which are now dry land were yet under the waters of the 
ocean. At the ushering in of the Cretaceous a further submergence 
l)roufi:ht the Cretaceous seas over not only the old Devonian and 
Silurian dry land, but also in the states of Minnesota and Iowa* 
over largo areas of the azoic and granitic rocks. How much of the 
state of Minnesota was thus submerged has not yet been ascer- 
'tained. 

If points of elevation only be considered, since it ii found in 
^ome of the most elevated parts of the southern portipn of the state 
the entire state must have been submerged. It is possible the sur- 
face of the country sank below the ocean unequally, in different 

^mpare Otology of Iowa, 1870. Vol. I, p. 168. 
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localities, and also that it rose with similar irregularity. Hence 
poiats that now show the greatest altitude above the ocean level, 
may haTe been the deepest submerged, or may' have risen last. 
Those points also, in the state which show less altitude above the 
the ocean may have risen first, or may not have been submerged 
at all. Whatever may be the facts in regard to the northern por- 
tion of the state, which is considerably less elevated above the ocean 
than the southern, the seas of the Cretaceous certainly covered the 
most of the southern half of Minneaota, and probably a wide belt 
along its western border, reaching to the national boundary line 
on the north. Thus the rough frame-woi^ of the older rocks was 
furnished with an outer integument which tones down their an- 
gularities by filling some of their depressions, the CreicLceous beds 
lying uQConformably on them all. !No attempt will be made at 
this stage of the survey to define the limits of the Cretaceous in 
Minnesota. It is said to occur in the southwestern part of the 
state, on the Cottonwood river, where it contains beds of lignite 
that have been mistaken for the outcroppings of the northern rim 
of the Carboniferous. It has been detected at Austin, in Mower 
•county, where it affords angiospermous leaves. It has been de- 
scribed in Stearns county by Mr. Kloos. It probably occurs at 
Spring Valley in Fillmore county. At Stillwater is a bed of tripoli 
which is believed to belong to the Cretaceous, It is exposed in a 
little tributary of the St. Croix river about one mile north of the 
<Aiy. Dr. C. A. White has lately announced it at Lime Springs, 
in Howard county, Iowa, about five miles south of the Minnesota 
state line. Howard county, in Iowa, is south of Mower and Fill- 
more counties in Minnesota. Thus the question of the eastern 
limit of the Cretaceous in the Northwest is still an open question. 
The writer is not aware of any announcement of its existence in 
the state of Wisconsin. But on the eastern shore of lake Michigan, 
in the " Qrand Traverse region " of the state of Michigan, occur 
beds of lignite associated with soft, bituminous and green clays 
that have been regarded as pertaining to the drift.* Mr. A. D. 
White, of the Michigan survey, since deceased, maintained in 1860, 
in his unpublished field-notes, that these lignites and clays are not 
of Quaternary age. Lignites of the same or similar origin also oc- 
cur on the shores of lake Superior, and have in like manner been 
ascribed to the age of the drift. It becomes a question of great 

•See Fimt biennial report of progresn on the geological survey of Michigan^ 1861, p. 180. 
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dological interest to determine the age of these lignites, especially 
I lignites supposed to occupy a position near the bottom of the 
rift, also are reported in southern Illinois and Ohio. Besides the 
ipiites connected with the Loiver Cretaceous^ Dr. F. V. Hayden 
»cribes many beds of lignite in the Lower Tertiary. What por- 
on, if any, of the lignite beds seen in different parts of Minnesota 
ay be of Tertiary age, it is not now within the province of the 
irrey to state. The Tertiary may also be represented. 4 

The rocks of this age being so little known and so meagerly rep. 
isented in Minnesota, the following classification will be of value 
»r the information of the citiasens of the state and for convenience 
P reference in the future progress of the survey. It is essentially 
lat of Messrs. Meek and Hayden, and is based on their examina- 
lons on the upper Missouri. It is arranged in descending order. 

ATBR CBBTACB0U8. 

fo. 5. Fox HilU group, Tellowish and femi^nous sandBtones aod 
arenaceous clays. Characteristic fossils — Nautilus Dekayi^ Am- 
moniies placeniat Ammonites lobatusy Scaphites Conradi^ Baculites 
ovatus^ iiosasaurus Missouriensis, Thickness 500 feet. 

^0. i. Fort Pierre group. Dark clays; plastic or laminated; some- 
tunes calcareous. Cnaracteiistic fossils — Nautilus Dekayif Am- 
moniies placenta, Ammonites complextu, BaeuHtes ovatus, Jkieulitss 
comprsssuSt Helicoeeras Mortoni, Inoeeramus suhlevis, Mosasau' 
rus Missouriensis, Thickness 700 feet. 

• 

BABLIini CRSTAOBOUS. 

^0, 8. Niobrara group. Grasrish, calcai'eous marl, sometimes in mas- 
sive lajrers of chalky limestone suitable for buildiiigr. Characteris- 
tic fossils — Ostrea eongesta, Inoeeramus prcblematieus, Inoeeramus 
atieuloides, Inoeeramus pseudo-mytiloiaes. Thickness 200 feet. 

No. 2. Fort Benton group. Black, plastic or laminated cla^s, with 
some thin layers of limestone and sandstone. Characteristic fos- 
sils — Inoeeramus problematicus^ Inoeeramus umbonatus, Ostrea con- 
gssta, Pholadomya papyracea. Ammonites fjercarinatus. Ammo* 
nites vespertinus, SeapMtes larvce/ormis. Thickness 800 feet. 

^0. 1. Dahjta group. Yellowish, reddish and whitish sandstones, 
with some arenaceous clays and even puddin^stones, embracing 
lignite and impure coal, with many impressions of angiospermous 
leaves, and sometimes lar^ quantities of petrified wo^. Charac- 
teristic fossils — Pharella Dakotensis, Axincea Siouxensis, Cyprina 
arenaria, leaves of angiosperms. Thickness 400 feet. 

(b.) Lithological characters of the Cretaceous.* 

The stone exposed at Austin, in Mower county, is, in its natural 
&olor, light blue, and that color shows on most of the quarried 

*The roek here deseribed Is of the Devonian. The fossil leaves mentioned were from 
Ctetseeoiis shale lying in cavities in the rock.— N .H. W. 
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blocks about the heart of the bedding; and oh deep quanying it is- 
doubtless all blue. Tet the stone seen about the Tillage is very 
generally of a buff color, to the depth of half an inch to three 
inches, depending on the amount of weathering and oxidation. 
The thinner beds are altogether changed to that color. The pres- 
ence of considerable concretionary iron and mud balls causes a 
rusty stain of a yellow color over the surface of many of the slabs. 
#These concretionary balls fall out or dissolve out when in the 
water, and leave cavities which become larger still. Besides these^ 
which are not common in the compact portion of the stone, but 
are oftenest seen among its thin beds, there are also c-avitiea dis* 
closed by the fracture of the homogeneous thick beds. These are- 
sometimes perfectly empty, but often contain loose friable matter^ 
easily picked out but not different in color or grain from the mass- 
of the rock. At other times such cavities, revealed on the fracture 
of the stone, are lined with a perfect coating of fine mammillated 
crystals which are naturally white and as hard as quartz, but ofbenr 
covered with iron-rust so as to present a red or black exterior. 
They are much like drusy quartz. The texture of the stone itself 
is usually close, and the grain is homogeneous. Some large slabs 
and blocks are sawn for bases to tombstones, and worked down to 
a very smooth surface. It is more safely sawn to any desired di- 
mensions than cut or broken, since it fractures treacherously. Tet . 
it is not in the least crystalline. Its aspect at a distance is that of 
a fine-grained sandstone. Yet it contains no apparent grit. It is 
so soft that it can be cut without difiSculty, appearing much like 
an unusually indurated blue shale. It contains, but very sparingly, 
a few molluscous fossils which appear like a Gryphcea. It evi- 
dently weathers away fast, since the rotted down beds have to be 
removed at the quarry to the depth of nearly four feet before any 
stone is met worth taking out. 

Just back of the place where this stone is slightly worked at 
Austin, perhaps fifty rods distant and 14 feet higher, in the exca- 
vation of one of the low knolls which superficially appeared to be 
only sand, like others opened for that purpose nearer the river, a 
Qerman struck stone of the same kind within two or three feet of 
the surface. It consists of thin, shattered beds, all of a buff color. 
Enough, however, was obtained, of suitable quality, for the vault 
and other masonry appertaining to a small brewery. Indeed the 
greater portion of the cellar is dug in it. It was overlain by the 
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following section of clays, which may not be of Cretaceous age. 

No. 1 . Black saDdy loam and soil 2 to 4 feet. 

No. 2. Band of red and variegated compact clay 6 in. to 4 feet. 

No. 3. Yellow ocherous band of clay. , 6 in. to 4 feet^ 

These bands of clay (Nos. 2 and 3) are not so regularly superim- 
posed as indicated by the above section, but occasionally No. 3 is 
broken throagh or is wanting, and No. 2 lies on the rock, or passes 
down into its crevices. Yet No. 3 is generally the first over the 
rock. They vary in thickness and swell out in shapeless masses of 
hard clay. Such hard masses are seen sometimes to embrace bits 
of angular, earthy rock, much like ocher, varying in color from 
a dark burnt-umber color to a lighter shade, even to buff, and ap- 
pearing, when of a lighter color, much like the mass of No. 3» 
They can be scratched easily with a knife, and however black they 
may be they give a red haematite streak. Yet when they are faded 
the streak also fades iato a brown or yellowish-browa, like limo- 
nite. Intermingled very irregularly with No. 2, and sometimes 
also with No. 3, are masses of greenish clay which has in every 
oth'^r respect the same outward characters as No. 2. On searching 
for indications of the post-Tertiary age of this deposit, none could 
be found. No northern pebbles or boulders could be found in it; 
no sand or gravel, no vegetable or animal remains. Yet in place 
of the northern drift materials are these hard bits of ocher (?) of 
angular shape and often showing conchoidal surfaces. There are 
also large crystalline, detached masses of apparently a siliceous 
limestone which is very hard and close-grained. In some cases> 
however, this varies to a porous and white limestone that appears 
to be very pure. In connection with this description of limestone 
masses, it is interesting to note the occurrence at St. Charles, in 
Winona county, of hard, siliceous limestone masses on the surface 
of the ground, that appear very much like those embraced in this 
clay. At St. Charles there is also a large mass of argentine, or 
lamellar calcite, lying on the surface of a slope of a hill. It waa 
originally four or five feet across, and about a foot thick, but has 
been broken up for hand specimens. It appears very much like 
fibrous gypsum. Its arrangement in wavy and curly layers gives 
it moch the appearance of woody fiber, and it was regarded as a 
specimen of petrified wood for a number of years after its discovery. 
It may have been originally embraced in Cretaceous or Tertiary 

8 
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clays which have been destroyed and transported, or it may ha^e 
weathered out from the Trenton shales which appear in the top of 
the hill. 

At Austin, in the digging of Mr. L. G. Basford^s well, angio- 
spermous leaves were found in the sandstone above described. The 
materials passed through in this well were said to be in general, as 
follows: 

No. 1 . Soil and loam dto4 feet 

No.2. Clay 20 feet. 

No.3. Rock 6to&reet 

About two feet of loose stone was thrown out by picking. In 
these pieces the vegetable fossils were found. Two distinct varie- 
ties of leaf are disclosed. One is very much like Ficus primordialis; 
the other is unlike anything with which it has been possible yet to 
compare it. The specimen preserved consists of a branch appar- 
ently of a small herb. An inch and three-fourths of the main stalk 
is preserved. In that distance it gives off four branches, each of 
which seems to be as large as the main stalk, three on the left and 
one on the right. The whole specimen is thickly furnished wit^ 
decurrent, parallel-veined leaves which have a distinct midrib. 
These leaves are simple, entire, oblanceolate-linear, and taper- 
pointed at their junction with the stalk. Their length is a quarter * 
of an inch, varying a little above and below that size; and their *- 
width is oue-twentieth of an inch. The diameter of the stalk, and _ 
that of the branches, is about half the width of the leaves. The^ 
latter diverge from the branches at an angle 40° to 45®. A pho — 
tographic copy of this fossil was submitted to Dr. J. S. Newberry^ 
who pronounces it probably a species of Sequoia^ a gymnosperm oF 
the Pine family known as "Redwood," 

At J. Gregson's mill, two miles down the Cedar from Austin, 
the same rock as at Austin is observed forming a ripple so as to in- 
duce the construction of a water-power for flouring purposes. The 
stream here works down over about fourteen feet of rock. The beds 
are sometimes two feet or more thick, or the rock is entirely mas- 
sive like an indurated shale. Yet in weathering the thick beds are 
checked by planes running mainly horizontal, instead of perpen- 
dicular or diagonal as in most shale. Although mainly horizon- 
tal, these planes are apt to unite after a few feet, splitting the 
heaviest beds out lenticularly. On considerable exposure the 
weather entirely disintegrates and destroys it. It is here worked 
a little below the dam, and some heavy and fine-looking slabs are 
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taken out near the watered edge. Some parts are here plainly 
somewhat calcareous, and afford traces of fossil remains which have 
much the appearance of brachiopodo. These portions are porous 
as by absorbed fossils. 

At Messrs. Rosenberry and Miner^s quarry, near Mr. Gregson's 
mill, the exposed section is as follows, in descending order: 

Section near Austin, in Mower county. 

No. 1. — Black, loamy soil 7 to 8 ft. 

No. 2. — Loose fragments of the nuderlyin^ beds, and clay, mixed... 3 ft. 
No. 3. — Heavy stone like that described at Aostin, clay filling planes 

and joints 10 to 12 ft 

No. 4, — Rnsty bituminous films ^ to I in. 

[On the authority of the owners of the quarry, to this section 
may be added, below the foregoing, the following : ] 
No. 5. — Limestone, filled with shells, blue, contains flint, makes 

lime, penetrated 2 ft. 

The bedding of No. 3 sometimes lies in detached blocks before 
being quarried, the corners and angles of which are replaced by clay, 
and the color of the stone is changed from blue to buff or drab to 
the depth of about two inches. 

Along the sides of this quarry is considerable blue clay, contain- 
ing; no shells or fossils of any kind. It is exceedingly fine and 
plastic. It fills the openings in the rock, and is said to run down 
thirty feet at least, where the stone itself would naturally lie un- 
less the beds have been considerably broken and removed. It seems 
to occupy a trougb-like excavation in the rock about a rod wide, 
and has been traced by means of an iron rod several yards back 
from the river bank. This clay below twenty feet becomes white. 
This trough extends east and west. 

One mile below Gre^n*8 mill, at the mouth of Rose creek, 
about the same thickness of the same kind of stone may be seen in 
the bank and bed of the creek. 

It is exposed again at Officer's mill, one mile below Rose creek, 
where the river passes, in the form of a little ripple, over the rock, 
inviting here also the improvement of the water-power. 

Two miles east of Officer's mill, a farmer has struck the same 
rock in two separate wells on his farm, in one at the depth of three 
feet, and in the other at eleven feet 
Below this place no rock is said to occur in the river, differing 
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from this, till at or near Mitchell or Osago, in the state of lowa^ 
twenty-eight miles from Austin, where quicklime is made from 
rock taken from the bank of the river. 

Mr. Thomas Smith, on S. E. i sec. 12, T. 102, R. 17, a few milea 
east of Austin, has discovered coal in the sinking of one or two 
wells on his farm. It has not yet been possible to compare this 
locality with that on the Cottonwood river, where coal is said also 
to occur in limited quantities; but they are both believed to be beds 
of lignite appertaining to the Lower Cretaceous. These localities 
will both be visited early on the opening of another season of field- 
work. 

At Spring Valley, in the western part of Fillmore county* is an 
extensive bed of variegated and white clay that is generally very 
fine, but also sometimes embraces coarse sand grains. 

Near Mankato, in Blue Earth county, the banks of the Minne* 
sota river disclose sections of variegated and white clay. 

It is not intended here to convey the fixed belief that these clays 
are of Cretaceous age. They occur in other places in the southern 
part of the state, and time has not yet been afforded for giving 
them the requisite examination. These remarks are appended to 
the foregoing description of rocks supposed to be of the age of the 
Cretaceous^ because these clays have been seen frequently associated 
with those rocks, and because they do not appear to be of Quater^ 
nary age. When chemical examinations of these clays have been 
made, more positive information concerning their age and value 
will be received. Samples from different parts of the state have 
been duly collected, and submitted to the chemist of the survey, 

(e.) Economical value of Cretaceous. 

The sediments of the Lower Cretaceous being mainly siliceous 
are made up of sandstones and arenaceous clays. These clays may 
be distinctly arenaceous, or the sediments may be so fine that the 
individual grains are not distinguishable by the unaided eye. The 
sandstones at Austin are very fine-grained. They are utilized by 
Messrs. Rosenberry and Miner in the construction of bases for 
monuments. These blocks are sawn out by the proper machinery 
and given a high polish by the usual methods. The closeness and 
fineness of the grain render the stone capable of taking a very 
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smooth surface. By first marking with a steel point, and properly 
guiding the fracture, it is cut into pieces of any dimension. Its per- 
fect homogeneity of texture enables the cutter to depend on its 
checks. It makes very fine hones for razors and cutlery. It is also 
used instead of the celebrated *^ Scotch hone ** for polishing marble. 
It is being introduced for that use into the chief markets of the 
Northwest from the quarry of Kosenberry and Miner. It is furn- 
ished by them to wholesale dealers in Chicago at $25 per ton. It 
is retailed at forty cents per pound, the Scotch hone selling for 
fifty cents per pound. 

The bed of tripoli located at Stillwater, in Washington county, 
seems to consist almost entirely of silica, like this sandstone. Yet, 
its outward resemblance to many clays that are met with in the 
drift makes it uncertain to what age it belongs. It lies below a 
great mass of drift materials closely sheltered in a nook between 
the blufib of Brown's creek, and if it be of Cretaceous age, \ii posi- 
tion alone has preserved it from the destroying action of glaciers. 
It is of a reddish or copper-color, the same as that of the drift clays 
adjacent. Its exposed thickness is about twenty feet, and it is in 
«oine places interstratified with distinct quartz sand. Tet the 
tripoli clay makes up the mass of the bank, the sand layers being 
nothing more than partings. About fourteen years ago a com- 
pany was formed for the purpose of developing this deposit as a 
material for polishing, but nothing of importance was dene. Mr. 
Abraham Van Vorhes, of Stillwater, is authority for the statement 
that about that time samples were analyzed by Professor Joseph 
Senry, of Washington, and by Dr. Jackson of Boston. They 
agreed in pronouncing it a very fine article of tripoli, equal to the 
Bohemian. It is at present only used to a limited extent by ma- 
chinists for polishing brass and iron, and by cabinet makers for 
polishing varnished wood-work. A thin paste is made and the 
material applied usually with cork. 

The clay at Rosenberry and Miner^s quarry, near Austin, in 
Mower county, is used for putty, by simply mixing it with boiled 
linseed oil. It is first dried and thoroughly pulverized. It is said 
to act as firmly as Spanish whiting. The orcherous clays may in 
some places be made useful in the manufacture of a fine mineral 
paint. 

At New trim, in Brown county, are two flourishing potter's es- 
tablishments, owned.by Messrs Dauffenbach and Gieseke, and by 
John Stekoert. At the former a blue clay ^^ from the Cottonwood '^ 
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is mixed with a similar blue clay obtained from the drift at New 
Ulm. The latter overlies a heavy stratum of waterwashed and 
stratified white sand. It is said to be necessary to mix these clays 
to obtain a material that will not crack in the kiln, that *^ from the 
Cottonwood ^^ being mach addicted to that fault. The same clay 
makes a red brick when harder burned. A white clay is also used 
by Dauffenbach and Oieseke for making? fire-brick. Their kiln and 
fire-arch are built of brick of their own manufacture from this 
clay, and appear to stand well. This clay is obtained at some dis- 
tance from New Ulm, at a point said to be known only to the 
proprietors. 



VI. 

PLANS AND RECOMMENDATIONS. 



The law under which the present survey is being prosecuted ap- 
propriates the sum of one thousand dollars per annum. This is too 
small, for various reasons, the chief of which are: 

1st. It will not pay for the services of a single employe on the 
survey capable of working under the law. Hence, it well-nigh 
renders the law inoperative. 

2nd. It does not command the respect and confidence of the 
citizens of the state and others, and serves as an excuse for refusing 
aid and co-operation. The survey should be independent of favors 
for which it now has to beg, sometimes to be scornfully rebuffed. 

3d. In the survey of those portions of the state inaccessible by 
public roads, or by railroads, it will be necessary to employ labor- 
ers, and incur other expense, for which the sum of one thousand 
dollars is not sufficient. 

4th. In order to conduct the survey on one thousand dollars per 
annum, the state geologist must find some other employment a 
portion of the^year. 

oth. The magnitude of the interests involved demands that 
ample means be allowed for doing the work of the survey thoroughly 
and without embarrassment. 

These considerations ought to induce the Legislature to increase 
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the amount now appropriated to a sam sufficient at least to keep 
one man constantly employed, and to pay all expense of field-work 
and chemical examinations. 

In connection with the subject of increasing the means provided 
for the geological survey, it is suggested that the state lands known 
as salt lands may be so sold or appropriated, under the management 
of the board of regents of the university, as to be available for that 
purpose. It would be in perfect consonance with the original de- 
sign in the reservation of these lands from sale, if they were placed 
in the custody of the board of regents, conditioned on their use in 
the prosecution of the geological and natural history survey of the 
state, with a view to the early and economical development of the 
brines of the stale. 

The law cannot be carried out without the purchase of chemicals 
and apparatus for the use of the chemical department of the sur- 
vey, and without the purchase of instruments to be used in the 
prosecution of the field-work. It is too much to ask the state uni- 
versity, which now pays the services of the chemist of the survey 
"besides furnishing rooms for laboratory work, to provide for these 
expenses. There ought to be a special appropriation of several 
liundred dollars to make these purchases. The board of regents 
are referred to the accompanying statement of Prof. D. P. Strange, 
chemist of the survey, for information on this subject. 

The law creating the survey is very explicit in defining the work 
to be done. It requires that the geological survey proper, unless 
otherwise ordered by the board of regents, shall be first completed. 
Hence no steps have been taken toward the performance of any- 
thing not strictly geological. Indeed it is beyond the means af- 
forded at present to do any work in the botanical and zoological 
departments, before the substantial completion of the geological 
portion of the survey. It is evident, however, that the aggregate 
expense of the geological and natural history survey will be con- 
siderably reduced by carrying on the different departments in con- 
janction. It would be duplicating at considerable expense, the 
varioos parties and explorations, to delay all observation? and col- 
lections illustrative of the zoology and botany of the state till after 
the geological observations had been made. Parties would have to 
be sent again over much of the same territory. A special botanist 
or zoologist might accompany the geological party without much 
additional expense, making valuable collections th^ might other- 
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wise be lost. Thus in an economical sense, as well as in a grander 
and deeper sense depending on their co-adaptation, these sciences 
cannot be divorced. They cannot act independently of each other. 
In the prosecution of the geological survey many opportunities 
will be offered for the furtherance of the botanical and zoological 
investigations. 

Prof. E. H. Twining, late of the university of Minnesota, now of 
the university of Missouri, has furnished the accompanying list of 
plants found by him growing on the university grounds during his 
residence here as professor of chemistry in the state university. 

In the prosecution of the geological survey proper, after a gen- 
eral reconnoissance with a view to the determination of the gen- 
eral trend of the formations, and the identification of sufficient 
characters to decide their ages, it will be necessary to enter on the 
detailed examination of the state by counties. This more special 
i^vestigation implies the careful delineation of the outlines of the 
formations with all their windings, as they are found in each 
county, together with a scientific account of the chemical and min- 
eralogical characters of the rocks found therein. In the progress 
of the survey the specific names of the fossils pertaining to the 
various formations will be ascertained, and in the end complete 
lists of these ancient faunas will be made out, to which will be 
added descriptions and figures to illustrate any new species that 
may be discovered. These investigations necessarily require much 
time and study, to say nothing of the labor of collecting and pre- 
serving the specimens. 

The question of the existence of brine in the state of Minnesota 
is one of the most important, in an economical sense, that can be 
presented for the investigation of the survey. It should not be 
hastily answered. Too much is involved to be rested on the result 
of a guess. Too much also is involved to be prejudiced by the fail- 
ure of unguided expenditures. The tests that may be made ought 
to be made in the fullest light of all the facts that science with its 
generalizations can throw upon them. It comes within the scope 
of geological investigation, and ought not to be hazarded in the 
hands of empirical novices. 

The salt springs said to occur in this state may have either of 
two origins. They may be the results of overfiow of extensive salt 
basins embraced in the rocky structure of the state, or they may 
be the result of superficial accumulations similar to the other saline 
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«nd alkaline deposits that are scattered largely over the western 
plains. It is not intended now to give this question the discussion 
its importance demands at the hands of the survey. No investiga- 
tion of the phenomena of the regions where these springs exist, 
has been made. It is only intended to suggest the importance of 
<K)rrect scientific processes in the future efforts for their develop- 
ment. 

It is recommended that the law ordering the survey be amended 
8Q as to require the board of regents to supply suites of duplicate 
geological specimens collected to the state normal schools, after 
the university collection shall have been completed. 
Very respectfully submitted, 

N. H. WiNOHBLL, 

State geologist. 

Univbrsitt of Minnesota, ) 
•St. Anthony, Minn., Dec. 31, 1872. j 



STATEMENT OP THE CHEMIST OP THE SURVEY. 



Frof. N. H. Winchell^ geologist of survey: 

Sir: — I have to report that I have been utterly unable to do any 
chemical work upon the geological survey to the present, owing 
to the lack of necessary apparatus, and also to the impossibility^ 
with present heating facilities in our laboratory, of conducting any 
chemical analysis during the winter season. 

Very respectfully, 

D. P. Strakge, 

Chemist of survey. . 



LIST OF PLANTS. 

Mostly herbaceous in the neighborhood of St. Anthony^ Min- 
nesota — principally found on the university grounds. 

1869—1872. 

BY PROFESSOR B. H. TWINIKO. 



BANUKOULACE^. 



Ranunculos rhomboideus. 

R. repens. 

R. abortivus. 

R. Pennsjlyanicus. 

R. Bceleratofl. 

Anemone Nuttalliana. 

A. nemorosa. 

A. Pennsylvanica. 

A. cylindrica* 

A. Virsrinica. 

A. thalictroides. 

Actffia spicata. 

Aquileffia Canadensis. 

Thalictrum Cornuti. 

Delphiniam azureum. 

Clematis Virginiana. 

Caltha palusths. 

PAPAYERACE^. 

Sanfi^oiuana Canadensis. 

VIOLACE^. 

Viola cucnllata. 
v. delphinifolia. 
V. pubescens. 
V. pedata. 

CRUCIFER^. 

Tarritis stricta. 
Arabis Isevigfata. 
Capeella Bursa-pastoris. 
Lepidinm Virginicum. 



i 
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GERANIACEJB. 

Geranium maculatoai. 
Impatiens tolva. 

HYDROPHYLLACE^. 

Hydrophyllum Yirginicum* 

OXALIDACE^. 

Oxalis stricta. 
0. violacea. 

CARYOPHYLLAOE^. 



Arenaria lateriflora. 
Stellaria lonfrifolia. 
Silene antirrhina. 
Agrostemma Githaf<o. 

LEOUMINOS^. 

Lupinus perennis. 
L ochroleucus. 
L. venosus. 
Yicia Americana. 
Astraflralus Canadensis. 
A. caryocarpus. 
Psoralea arfifophylla. 
Amorpha canescens. 
A. frutiooRa. 
Petalostemon candidus. 
P. violaceub. 
P* villosus. 

Amphicarpsea monoica. 
Apios tuberosa. 
Phaseolus divertifolius. 
Desmodium acuminatum. 
D. Canadense. 
Cassia Chamaecrista. 

POLEMONIACEiE. 

Phlox pilosa. 

SAXIFRAGACE^. 

Heuchera hispida. 
Pamassia CaroliLiana. 



ROSACE-E. 



Geum strictum. 
G. album. 
G. triflorum, 
Fraffaria vesca. 
F, Virginiana. 
Rosa blanda. 
Potentilla Norvegica. 
P. Canadensis. 



UKIYSBBITT OF KIKlfSSOTA. 125 



P. Anserina. 
P. arguta. 
Spirsea salicifolia. 
Pninus VirfnniaDa. 
Af^monia Eapatoria. 
AmelaDchier OaDadensis. 
Rabas Canadenns. 



BOBRAGINACJSJS. 



Litbospennum canesceni. 
L. hirtam. 
L. loDgriflorum. 
Kchinospermum Lappula. 
E. Redow^kii. 
CynogloMum Monisoni. 



YSRBENACE^. 



Verbena hastata. 

v. bracteosa. 

v. urticsefolia. 

v. stricta. 

Phryma Leptostachya. 



LABIATuE. 



Mentha Canadensis, 
LeoDurus Gardiaca. 
Lophanthas arisatus. 
Stacbys palastris, 
S. ** yar. aspera. 

Monarda fistulosa. 
Lycfipus Earopaeus. 
Teucrium Canadense. 
PycnantLemum lanceolatum. 
Scutellaria parvula. 
S. lateriflora. 
Nepeta Galaria, 



GROSSULACE^. 



Ribes floridum. 
R. Cynosbati. 



CAPRIFOLIACEJE. 



Sambucus pubens. 
Viburnum. 

Symphoncarpus oocidentalis. 
Lonicera. 

RUBIACE^. 

Oaliuai boreale. 
G. triflorum. 

CORNACE^. 

GornuB drdnata. 
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ARALIACE^. 

Alalia raoemosa. 

UMBELLIFERJB. 

Sanicula Marilandica. 
Cicata maculata. 
PaBtinaca sativa. 
Tbaspium. 

CUCURBITACEJE. 

Echinocystis lobata. 

onagraceje:. 

Epilobium coloratum. 
E. palustre. 
CEootbera biennis. 
0. seiTulata. 

vitace^. 

Yitis cordifolia. 

rhamnace-e 

Oeanothus Americunus. 

LINACEJE. 

Linum rigidum. 

MALVACEAE. 

Malva rotundifolia» 

HYPERICACE.E. 

Hypericum pyramidatum. 

CISTACEiE. 

Heliantbemum Canadense. 

CAPPARIDACE^. 

Polanisia graveolens. 

FU3IARIACE.E. 

Dicentra Canadensis. 

SARRACENIACEiE. 

Sarraceoia purpurea. 

NYMPII^ACE^. 

Nymphsea odorata. 
l^upbar advena. 
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COMPOSITE. 

Taraxacum Dene-leonis. 
Troximon caspidatnm. 
Antennaria margahtacea. 

A. PennsylvaDica. 
Erifferon Pbiladelphicam. 
E. biellidifoliaiii. 
Senedo aureus. 
Ohrysopsis villosa* 
Cynthia Virfirinica* 
Achillea Millefolium. 
Rndbeclra hirta. 

B. ladniata. 

Heliopsis IsbtIf, var scabra. 

Coreopeis palmata. 

fielianthus Btarumosus. 

H. rigidos. 

FT. giK&nteuB. 

fi. hirsutus. 

Solidago lanceolata. 

S. MiFsouriensifl. 

•S. latifolia. 

S. nemoralis. 

S. Cauadenaifl. 

S. rigida. 

Eupatorium purpureum. 

£. perfoliatum. 

E. afferatoides. 

•SoDchus asper. 

Lepachys pinnata. 

Afiier NoYffi-Anglise. 

A* cordifolius. 

A. azureus. 

A. Iffivis. 

A. multiflorus. 

A. sericeus. 

Lactnca elongata. 

Liatris scariosa. 

•Helenium aotumnale. 

Nabalus albue. 

N. racemosus. 

Ambrosia trifida. 

JLygodesmia juncea. 

fiidens chrysantbemoides. 

fi. bipinnata. 

RhiDanthus Crista- galli. 
Castilleia occcinea. 
Pentstemon grandifiorus. 
P. pubescens. 
•Scrophularia nodosa. 
Veronica Americaoa 
V. Virginica. 
Mimulus Jamesii. 
M. ringens. 
Linaria vulgaris. 
Verbascum Tbapsus. 
-Oerardia tenuifolia. 
*G. purpurea. 
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SAIiICACEiB. 

Salix lucida. 

ORCHID ACE^. 

Cypripedium pubescens. 
C. spectabile. 
Spiranthes graminea. 

ALISMACEiB. 

Sagittaria yariabilis. 

LILIACKfi. 

Trillium cernuum. 
IjTularia fn^ndiflora. 
U. Bessilifolia. 
Maianthemam bifoliam. 
Smilacma stellata. 
FolyRonatum biflorum. 
Allium cernuum. 
Lilium Caoadense. 
L. Buperbum. 

IRIDACE^. 

Sisyrinchium Bermudiana. 

AHARTLLIDACKfi. 

Hypoxys erecta 

COMMELYNACE^. 

Tradeacaniia Yirginica. 

CYPERACE^. 

Cypenui dentatus. 

GRAMJNK£. 

Phleum pratense. 
Setaria Yiridis. 
Agrofltis vulgaris. 
Triticum caninum. 
Cencbrus txibuloides. 



I 



Note. — The descent of the Mississippi from St. Paul to " grand 
crossing,^' opposite La Crosse, is 57 feet, as ascertained through 
the Milwaukee & St. Paul and Southern Minnesota railroads. If 
the distance between St. Paul and ^^ grand crossing^^ be taken at 
134i miles, and if 22i miles be omitted for lake Pepin, the average 
fall per mile of the Mississippi river is .509 feet. General Warren 
ascertained the average descent of the Mississippi from St. Paul to 
Hastings to be .556 ft. per mile. 
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ADDRESS. 



To the president of the University: 

I have the honor to offer the accompanying report on the 
progress of the geological and natural history survey of 
the state, for the year 1873. The last Legislature increased 
the means provided for the prosecution of the survey, by 
doubling the cash appropriation, making it two thousand 
dollars annually, and transferred to the board of regents 
the state lands known as ''salt s^pring lands,'' the proceeds 
of which they are required to expend exclusively in the pro- 
secution of this work. At the same time the board of 
regents of the University were required to direct the imme- 
diate survey of the peat deposits of the state, and to cause 
an investigation and report on the salt springs. 

While these special investigations have been carried on 
as far and as thoroughly as possible, the progress of the 
general survey has also been pushed as far as the means 
and time would permit 

In general, the field of observations has been, during the 
season of 1873, in the southwestern part of the state. The 
valley of the Minnesota, and those of some of its tributa- 
ries, have been subjected to a reconnoissance which has 
served to answer many questions that were important to 
answer before entering on the detailed county work, and in 
that manner has also served to prolong, though not yet to 
complete, the preliminary survey that occupied the short 
season of 1872. The results of this reconnoissance, both 
scientific and economical, will be found stated in the proper 
places in the accompanying report. 

The counties of Cottonwood, Jackson and Nobles have 
been subjected to thorough inspection for peat. Incidental 
examinations have also been made on peat deposits in the 
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counties of Dakota, Hennepin, Ramsey, Le Sueur, Nicol- 
let, Faribault and Stearns. Prof. S. F. Peckhara, the 
chemist of the survey, has made the analysis of thirteen 
specimens. Before his appointment six specimens were 
also submitted to Dr. P. B. Rose, of Ann Arbor, Michigan, 
for analysis. The reports of these gentlemen will also be 
found in the accompanying report, supplemented by re- 
marks on the methods of working peat, and its value as a 
fuel for general use. and by sundry practical conclusions on 
the peats of Minnesota. 

The question of Iho existence of Carboniferous coal in 
Minnesota, has also occupied considerable time during the 
past season. The f recjuent statements, positively put forth 
in the public prints, of the finding of considerable quanti- 
ties of good coal in the southern and southwestern part of 
the stat«, together with the published opinion of Mr. H. 
H. Eames, reporting to the Legislature in 1806, to the effect 
that the Carboniferous rocks of the state of Iowa are pro- 
longed northward into Minnesota, and there furnish the 
*'coar' of the Cottonwood and Redwood valleys, induced 
the attempt to determine, as far as possible, the source of 
the lloat coal found, and the real age of the rocks explored 
for coal in that portion of the state. This question was 
believed to be paramount to all others bearing on the fuel 
supply, and although its solution is not entirely accom- 
plished, yet enough has been ascertained to warrant certain 
practical and important conclusions. The facts on which 
these conclusions are based, will be found stated in different 
parts of the following report, and need not be repealed 
here. 

1st. The rocks that liave boon oxplorod for coal, on the 
Cottonwood and Redwood rivers, belong to the Cretaceous 
system, and do not promise to be ])roductive of coal in 
valuable quantities. 

2d. The coal there taken out is of an inferior grade, 
though varying from cannel coal to charcoal. 

3d. As the rocks of the Cretaceous period are believed 
to have existed tliroughout the most of the state, the only 
probable exception being in the southeastern portion, inclu- 
ding half a do7Am counties, such coal is likely to occur ai 
a great many places. 

4th. The "tloat" coal which has so often attracted the 
attention of th(» pe()i)lo, is derived, so far as yet known, 
from the disruption of the Cretaceous I'ocks by the glaciers 
of the ice period. It is scatt(»n'd through the drift, and 
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is met with in wells and other excavations, and may be 
often picked up along the beds of streams. 

5th. The only part of the state where good coal-bearing 
strata of the Carboniferous age may occur, comprises the 
counties of Mower, Freeborn and Faribault. As these 
counties are heavily covered with drift, the question can be 
settled definitely only by drilling or shafting to the rock. 
Should Carboniferous rocks be met in Faribault county, 
there would also be some reason for exploring for the same 
in the southeastern portion of Blue Earth county. 

In regard to the investigation of the salt springs, nothing 
further has been done than to ascertain their history, and 
the present condition of the United States land grant. It 
has been found that the original grant covered 46,080 acres. 
Of this the state was unable to avail itself of 11,520 acres, 
that amount being situated outside of the area surveyed by 
the U. S. government. The si)rings, however, lying out- 
side of the surveyed portions of the state, were carefully 
located by metes and bounds, and at tlio order of governor 
Sibley the request was entered at the T^and Department at 
Washington that the lands appertaining to each spring so 
located, also those lying within the surveyed portions, 
claimed by the State under the act of Congress admitting 
the State into the Union, be withheld from sale and occu- 
pancy. They have not been so withheld, and those lands 
have not been certified to the State. This fact reduced the 
original available grant to 34,500 acres. It has been fur- 
ther reduced by the occupancy by settlers, 6,752 acres. 
About 1,600 acres were also previously covered by the 
terms of the act granting swamp lands to the State. The 
remainder, 26,435 acres, have been certified to the State. 
The Belle Plaine salt company were granted 7,643 acres 
of the certified salt spring lands, on complying with the 
acts of the Legislature. The rest of the certified lands, 
amounting to 18,771 acres, are now available for the prose- 
lion of the survey. The uncertified portion of the original 
grant, aggregating 19,872 acres, inasmuch as the whole 
was properly selected and located within the terms of the 
**enabling act,'' should be the subject of a memorial to Con- 
gress, as suggested by auditor Mcllrath, in his report for 
1871. It is believed that the U. S. government would 
gladly make up, by an additional grant, the deficiency that 
has resulted in great loss to the State, through the neglect 
or inadvertence of its own officers. 

The traveling expenses have been materially reduced 
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during the past season by t)ie courtesy of the officers of the 
following railroads, who have granted me continuous passes 
over their roads, viz: the St. Paul and Sioux City, and 
Sioux City and St. Paul; the Southern Minnesota; the 
Northern Pacific, and the St. Paul and Pacific. 

Dr. I. A. Lapham, director of the geological survey of 
Wisconsin, has furnished a catalogae of the plants of Min- 
nesota, made up from various sources, including his own 
observations, and known to be growing in the state at the 
date of 1865. The reputation of Dr. Lapham for scientific 
accuracy, not only increases the value of this gift, but 
makes it highly desirable that its publication be not delayed. 
Although not strictly of a geological character, yet it comes 
within the scope of the survey and is herewith presented. 

A great many individuals have aided in the prosecution 
of the survey during the past season. Of these, I can 
name Prof. Ira Moore, of St. Cloud, who has also donated 
to the university museum a number of interesting fossils 
and minerals from various localities; W. Z. Haight, of 
Delevan, who has taken great interest in the peat investiga- 
tions, and has furnished much information on the manufac- 
ture of peat in Faribault county; Gov. Stephen Miller, of 
Windom; I. J. Rochussen, of St. Paul; Park Worden, of 
Minnesota Falls; Henry Hill and A. J. Luce, of Granite 
Palls, and Capt. H. H. Herrick, of DeGraff, Dak. Ter. I am 
also under many obligations to the citizens of Cottonwood, 
Nobles and Jackson counties, for assistance in making the 
peat survey in those counties. 

In the examination of the Minnesota valley I was accom- 
panied as far as to Mankato, and thence ux) the Blue Earth 
to Wells, by Mr. P. P. Furber, a student in the university. 
Prom Mankato to the head of Big Stone lake, Mr. C. E. 
Chatfield, also a student in the university was my only 
companion. The assistance of these young men contributed 
greatly to the thoroughness and success of the exploration 
of that valley. We depended on the scattered inhabitants 
for sustenance, and traveled with a single horse and light, 
covered wagon. At night we usually slept in our tent, camp- 
ing near some farmer of whom we obtained meals. 

Very respectfully, 

N. H. WINCHELL. 
The University of Minnesota, ) 

Minneapolis, Dec. Bl, 1873. f 
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I. 



THE BELLE PLAINE SALT WELL 



(a) Genera f section of the wtfl. 

The report on the Belle Plaine salt well, which was 
printed by order of the senate, in Jan. 1872 [Ex. Docs, of 
Minn, for 1872, vol. I. p. 44J covered only that part of the 
drill above 210 feet, and pertained only to the drift mate- 
rials, or to the deposits overlying the Silurian rocks. There 
are some reasons for believing a portion of the loose mate- 
rials passed through in that distance belong to the Creta- 
ceous. It is known that some portions of that formation 
consist of loose materials, and they may be mistaken for 
drift, especially in a region where the soft rocks of that age 
are not known to exist, by workmen who arc not exact ob- 
servers, but are prone to classify the rocks they happen to 
encounter according to their visible characters and the ease 
with which they are penetrated. The occurrence of occa- 
sional vegetable fragments is further evidence of the pre- 
glacial age of those materials. Since that report was made 
the well has been sunk to the depth of 710 feet. 

The section of the well is thus described by Mr. P. M. 
Barker, who superintended the work: 

Surface and drift 2X6 feet 

Potsdam sandrock 16 ** 

Ochreous shale 10 '* 

Soapstone, variegated and mottled 40 

Semi-igneous formation 108 

Red shale or marl ti 

Igneous formation 314 *' 

Total depth of well 710 '* 
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(b) Notes and letter of A, Winchell. 

In July, 1872, samples of the preserved drillings from 
depths from 242 feet to 411 feet were forwarded to Prof. A. 
Winchell, for examination. His notes and accompanying 
letter to Gov. Austin are as follows: 

At depth of 242 ft.— Highly luagnesian clays— purple and speckled with 
white— mostly without silic(K3U8 grains. Generally no conclu- 
sive evidence for deciding whether drift or in place. On the 
whole, I think the fragments are from a formation in place. 
One of them contains a few quartzose grains, and has a deci- 
dedly metamorphic look. All the specimens resemble softened 
porphyries. 

368 ft.— A mass of granules orchips, similar to above, but more uniform- 
ly red, and less unctuous. All crush under the knife and ex- 
hibit a streak lighter than the mineral— sometimes grayish. 

380 ft.— Fragments still more like (242-282) but less unctuous. A 
broken crystal of calcite. 

385 ft.— Fragment (nearly a cubic inch) of a rock, composed apparently 
of reddish clay and a white mineral, like magnesia or kaolin 
intimately mixed. The white mineral tending in places to 
veins. The aspect is decidedly that of a rock in place. 

390 ft.— Fragments like (380) but with more calcite, and one slightly 
polished fragment of glassy quartzite. 

398 ft. -Almost identical with (390). From the same depth, however, 
is a lump of adhesive clay, which is evidently produced by 
grinding up rock like (242-282). 

400 ft.— Essentially like (242-282). 

406 ft.— Essentiallv the same— with one fragment of quartz. 

409 ft.— Same. 

4J1 ft.— Same. 

There is, in addition, a parcel of fragments from some 
depth not indicated. Their general character is like that of 
(242-282). It is easy to see that one of them is abrecci- 
ated rock composed of fragments of argillaceous character 
and quite soft. One is unequally cemented by a deposit 
of calcite. 

From an examination of the specimens and the study of 
everything that has been written "which could bear upon 
the question, I am led to think the rocks now being bored 
through, belong to the sub-Silurian series— probably equiva- 
lent to the quartzite and pipestone outcrop])ing about New 
Ulm and in Pipestone county, Minnesota. (White, lo. Rep. 
I, pp. 169, 170; Shumard: Owen's Rep. p. 491.) 

LETTER TO GOV. AUSTIN. 

Ann Arbor, Mich., 12 Aug., 1B72. 
Oov, Horace Aasfitt, St, Pa it I, Mhni., 
Sir : Yours of the 24th of July was found awaiting me 
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on my return from the east, though the case of specimens 
did not arrive until August oth, when I was prostrated by 
an obstinate fever, which has continued for a week. Im- 
proving such opportunities as I have had, I have made a 
pretty thorough physical examination of the specimens and 
reviewed all that has been published on the question of 
their identification and their relations to the geology of 
Belle Plaine, and I would respectfully report as follows: 

1. Neither your note nor the accompanying one from 
Mr. Hooper intimates whether the materials passed through 
below 200 feet are wholly of the kind sent, or whether these 
fragments and masses were found mixed with much clay 
and sand, and even hard pebbles. 

I infer, however, from an inspection of the specimens, 
that they are samples of rocky strata found in place. 

At the same time, thoir uniform softness for 200 feet is 
very remarkable, and would suggest that the drill is passing 
through strata which are highly tilted. 

2. Mr. Hooper informed me, last year, that at 202 feet 
shelly rock liad been reached, which, at 210 feet, became 
solid sandstone and constituted a bed-rock. I inferred 
that this was the Potsdam sandstone, and still think that 
whatever there was of it. belonged to that formation. 
Between 210 and 242 feet, I have no information; and it 
appears that the sandstone, [a lower sandstone than that at 
St. Paul,] was completely pierced in that interval or less. 
The old well was, therefore, very near the bottom, or perhaps 
quite at the bottom of the sandstone. The ancient valley of 
the Minnesota river, which probably once discharged the 
waters of a much wider hydrographic basin, was eroded 
completely to the sub-Silurian rocks. 

3. These sub- Silurian rocks are very remarkable. All 
the samples are agillo-magnesian, mostly lino-grained, unc- 
tuous, sometimes lined and frequently speckled with a white 
mineral like magnesia or kaolin. They jiresent almost no 
grains of quartz, but sometimes enclose crystals and seams 
of calcite. The color is reddish and purplish. Viewed 
without a test for hardness, they look like vitreous porphyry. 
I am led to think they represent the formation known to 
outcrop at New Ulm and in Pipestone county. These clays, 
in fact, are substantially th(» catlinite or **pipestone" so well 
known in that county. 

4. If these conclusions are correct, there is no hope, 
either of salt or a well of fresh water, by boring deeper, 
and not another dollar ought to be expended in this hope. 
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5. It will be noted that my recommendation in my for- 
mer report suggested the propriety of boring only to the 
hotUyin of the Potsdam sandstone. As there intimated, there 
are certainly many regions in Minnesota, where a well 
bored to the bottom of this formation, would prove to be 
artesian. Belle Plaine, as I feared, does not prove to be 
favorably located. Places situated for borings, at public 
expense, ought to be intelligently selected, without any 
regard to the interests of localities, and the State ought not 
to be committed to unwise expenditures by the precipitate 
and ill-advised enterprise of smart business places. 

Lest this remark, however, should be thought to apply 
too severely to Belle Plaine, I ought to add that considerable 
reason existed for boring at that place- -though by no means 
as good reason as many supposed. The fault committed 
here as in so many other cases, was an attempt to proceed 
independently of geological knowledge in the beginning, 
and to call for scientific aid, not so much to guide an impor- 
tant entei^^rise, as to help it out of difficulty. 

Very respectfully, 

A. WINCHELL. 

(c) Nofefi awl report of N. H. Windiell, 

In February, 1873, the wriu?r had occasion to further ex- 
amine this well, under verbal instructions from Gov. Austin. 
Samples preserved by the owners from below the depth of 
411 feet, were found to have the following external charac- 
ters. The memorandum is here given, as well as the report 
subsequently made to Gov. Austin, in order to preserve to 
science the record of the drill, and to complete the history 
of the exploration: 

At 420 ft.— FerruKiDous qiiarlziU', with a tMnishlt.'rable admixture of 
li|?ht-colored, softer, apparently talcosc frajrments. The 
(juartzito is hard, and very imimre. The* talcose frafi^mcnts 
are either nearly white or spt'ckh-d with rusty and black 
spots. There are also in the drillin^'8 pieces of calcit^, a 
soft, M^reenish substanct- that may be silicate of iron, and 
occasional fragments of transhic«Mit (luarlz, either white or 
sli^chtly tinted with yellow or with ^:ri?en. 

At 4.30 ft.— A mixture of dark brown or reddish silic.ates.strongly ferru- 
jfinous, with slij^ht traces of mica and scjme pieces of calcite. 
Some of it appears con^rlomeritic, or tufaceous. It isslJ^jht- 
ly unctuous in the tinkers, and some of it is n-al iron ore. 
The li^jht- Colo red pieces of the last (420 feet) an; rarely seen. 
There are in it occasionally j^reenish pieces of quartz. It is 
evidently a metamorphosed sedinn.'ntary rock. 
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At 440 ft.—A ferruglDOUS, unctuous shale, with very little grit. It 
sometimeB Is spotted with a white substance about as hard 
as talc, which has a greasy feel. This white substance 
seems to be the same as mentioned in the foregoing. It is 
sometimes minutely disseminated among the ferruginous 
portions. TVhen then rubbed in the fingers, a rusty or irony 
stain covers the whole. Some of this is plainly siliceous 
and micaceous. 
At 450 ft.— About the same as at 430 ft. but darker colored and less 

firm in the Augers. It is plainly micaceous. 
At 460 ft.—Dark greenish-brown, micaceous silicates; hard and cxim- 
pact. Not evidently unctuous. No feldspar is discernible. 
At 470 ft.— A talcose, furruginous shale, of a reddish-brown color, with 
occasional pieces of greenish silicates. In this lot there 
are also several pieces of evident flesh-colored feldspar. 
At 480 ft. — A mixture of ferruginous silicates with some mica and 
talc and calcite; with occasional pieces also of the soft, 
greenish substance mentioned at 420 feet. The last is 
softer than calcite. The general color of the whole is dark 
red or brown. 
At 490 ft.— The same as at 480 feet. 
At 500 ft.— The same as at 480 feet. 

At 510 ft.— The same as at 480 feet, but more friable, apparently, as 

the sample is in the form of sand. There are also in this 

•lo'i several large fragments of ferruginous shale, which 

have a greasy feel, probably broken from the overlying beds 

by the bucket and brought up with the drillings. 

At 520 ft.— A very dark, ferruginous mixture of the various silicates, 
including the light green soft substance, resemblingsilicate 
of iron. This last also resembles talc, and is as soft. 

JLt 530 ft.— A red arenaceous shale, with some talc and calcite, and also 
fragments of flesh-colored feldspar. 

^t 540 ft.— The same as at 530 feet. 

^t 550 ft.— Fragments of dark red, coarse shale, like the last, and of a 
darker slightly greenish shale, that appears as if originally 
amygdaloidal, the cavities having been subsequently filled 
by the soft green substance mentioned at 520 ft. This latter 
mass is sometimes closely mixed with small geodes with 
rusty exterior. 

^t 570 ft.— A dark brown shale, like the dark shale in the last, closely 
mingled with the soft, greenish (silicat.e of iron?) 

^t 580 ft.— The same as at 570 feet. 

JLl 590 ft.— The same as at 570 feet, but showing a little more red, and 
also evident pieces of calcite. 

At 600 ft.— The same as at 590 feet, but with increasing quantities of 
the greenish, soft substance. 

At 614 to 620 ft.— A mixture of the various silicates with considerable 
iron, the quartzltic characters being much more evident 
than at 570 feet. It is also firmer— hardly a shale. 
At 620 ft.— The same as the last. 

Thp well is said to be 710 feet in depth, and the opinion 
is prevalent that there was no change from 620 feet to that 
depth. As there are no preserved samples below 620 feet, 
it is also probable that there was no marked change in the 
rock. If that be correct, it gives a thickness of 292 feet of 
rock, which may all be classed as a siliceous unctuous 
shale, highly ferruginous, and sometimes amygdaloidal, va- 
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rying to a micaceous quartzite. It seems to be a metamor- 
phosed sedimentary rock, lying below both the St. Croix 
sandstone and the Potsdam sandstone. 

On the basis of those notes was made the following re- 
port : 

kepokt to governor austin. 

The 



^ University of Minnesota, ) 

St. Anthony, Minn., > 

8th Feb. 1873. J 



Gov, Horarr Ansfin, St. Paul, Minn, : 

According to verbal instructions from you, given on the 
6th instant. I ])roceeded yesterday to Belle Plaine, for the 
purpose of making examination of the premises and the pre- 
served samples of the drillings from the well sunk at that 
place, for testing the rocks for brine. The object of my 
visit was to ascertain the pi-opriety of further expenditure 
by the State at that point, either for the purpose of proving 
the rock further for brine, or for purely scientific results. 

1 did not enter into a crareful examination of the derrick 
and machinery, but suppose them to be, as represented, in 
perfect order, and r(»ady for operation at any time. The 
springs that ai-e said to be briny are situated near the 
drilled well. I obtained a sample of the water for analysis. 
To the taste it does not show brine, but a careful examina- 
tion may prove it to hold a small amount of salt.* These 
springs issue from tlu^ base of the drift bluffs that enclose 
the river valley, and, according to all the information I 
could gather, are de])endent altogether on the surface de- 
posits for their sup])ly. The owners of the well also say 
they have met no indications of brine in the well since they 
struck the ro(!k, but that at varying depths in the drift ma- 
terials, the water pumped out showed more or less saline 
property. The drift materials are said to have proved to be 
there 210 feet in thickness. 

The preserved drillings which I examined pertain to that 
part of the w(»ll below 420 feet, and 1 can report only on 
that portion of the well. They extend moreover only to the 
depth of 020 feet. The w(»ll is said to be 710 feet deep. 
Without entering into details as to the character of those 
drillings, a matter that will tind ])lace in my next annual 

•See tln> n.'porl »if Pri>f. rtM'klviiin. 
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report, I may say that they consist in general of a sili- 
ceous, apparently talcose, shale, varying to a micaceous 
quartzite. It seems the whole thickness covered by the 
drillings I saw. is taken up with a metamorphosed sedi- 
mentary rock that lies below the St. Croix sandstone, and 
also probably below the Potsdam sandstone. Hence the 
bottom of the well is in the Huroniau slates and schists, but 
has not yet struck the granite. In this statement it is pre- 
sumed that the interval unrepresented by drillings (from 
620 feet to 710 feet) is tilled up, according to the opinion 
of the owners, by the same general class of rocks. I have 
no hesitation in saying that in Hie rocks of fh<ii age there is 
almost a certainty that no salt would he obtained, and that no 
lower formation would ofj'er better inducement to sink the well 
deeper. 

The only other reason for sinking the well deeper is on 
purely scientific grounds, viz. : to ascertain the character of 
the rock below the present bottom of the well. 

In respect to this I wish to say : 

Firnt, — The well is not located where the most light 
could be thrown on the geology of the state by such an 
exploration. There are vast districts where even the 
nature of the outcropping rock at the surface is unknown, 
to say nothing of those that succeed it in descending order. 
The geology of the vicinity of Belle Plaine is i)rett:y well 
made out, especially in the light of the developments of 
this well. 

Second, — The rocks that would succeed that in which the 
drill stopped would be best examined where they are abun- 
dantly exposed at the surface. They belong to the class of 
'•granitic and metamorphic" rocks, colonjd on my prelim- 
inary geological map of the state, and our knowledge of 
them is at present so limited, that before their natural out- 
crops are examined carefully, it is not certain that wo 
should derive satisfactory and useful information of their 
nature, by sinking a drilled well through them, or into 
them. They are the rocks, moreover, that arc? least likely 
to need such exploration, on account of their being exten- 
sively tilted and broken by early volcanic forces so as to 
expose their thickness and contents to tlie inspection of the 
geologist. 

Third. — It cannot be denied that the science of geology 
might be considerably advanced by sinking this well deei)er- 
presuming all the time that careful records \)e kept and 
samples be submitted to a geologist for examination. Ft is 
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at the same time certain that no important question, invol- 
ving the geology of the state, is pending on what might be 
developed. 

The question may arise— if there is salt in the water at 
Belle Plaine, what is its source, and can it be made useful? 
If there be salt in the spring water tiiei*e, it must issue 
from some part of the drift. It may be derived at first 
from some of the underlying formations, as the St. Croix 
sandstone, or the Lower Magneeian limestone, or it may 
come from the Cretaceous, which lies in many places uncon- 
formably on all the older rocks, but is generally deeply 
covered by drift. In either of these cases it would be b«st 
and soonest developed by drilling at some point east of 
Belle Plaine, say fifteen miles, as the rocks dip in that 
direction. The annexed diagram illustrates the situation 
of the well drilled, in respect to the rocks, and shows the 
positions of the formations and their dip. None of these 
formations, however, are known to contain brine in this 
counti-y, if we except doubtfully the Cretaceous, while yet 
it is theoretically true that any sedimentary formation, if 
porous, may hold brine, if so shaped that it has not drained 
out. 




rphl nd Rranltlc. 



In conclusion, I am at piesent of the opinion that if there 
be salt in the springs at Belle Plame it is derived from the 
Cretaceous rocks, but manifests itself in tho drift at the base 
of the river blulTs. bt'cause the surface drainage is in that 
direction, there Being a slow but constant loss of brinejby 
that meims. This subject ouglit to liave early attention. 
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I wish to call your attention to the necessity of combin- 
ing the records and minutes made prior to the depth of 420 
feet, with those I have made on the drillings below 420 feet, 
so that the whole be preserved to science. The owners 
think those samples were forwarded by you to Ann Arbor, 
Michigan, and tiiat a letter from my brother to you has 
has some mention of them.* 

Very respectfully, 

N. H. WINCHELL. 



The univeusity of Minnesota, | 
February 16, 1874. f 



i^-o/. N. If. Winchell : 



My dear sir : — In answer to your enquiry in reference 
to the progress of the analysis of the Belle Plaine water, I 
have to report, that while the work is not yet completed, 
enough has been done to show that it contains only a small 
proportion of chlorides of any kind, and also to justify the 
statement that the brine belongs to the class of **bitter 
brines," containing more sulphates than chlorides, and a 
larger proportion of alkaline earths (lime and magnesia) 
than alkalies (soda and potash.) I have found nothing as yet 
in my examination of this mineral water to justify the ex- 
pectation that it can be made of any commercial value as a 
source of common salt. 

Very truly yours, 

S. F. PECKHAM, 
Chemist of the geological survey of Minnesota 

♦Thta letter has ulreudy been slv<»ii— See p. 80. 
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II. 

1* K A T 



(a) Xeed of furl — Objects of ihe peat survey. 

The absence of wood and coal from a large part of the 
settled x>ortions of the state, and the consequent high price 
of fuel for domestic use, induced the last Legislature to in- 
sert a clause in the **act to aid the Geological and Natural 
History Survey," requiring the immediate survey of the 
peat deposits of the state, a report on the same to be made 
to the Legislature as soon as practicable. In that way 
it was hoped that a good fuel might be obtained, practicable 
for all the common uses of the settler: and that a great 
many of the hardships of the first settlers of the prairies of 
the state would thus bo relieved. While this law was not 
intended to work a suspension of the other geological inves- 
tigations required by the general law creating the survey, 
its immediate and practical importance has nevertheless con- 
trolled the course taken in the routes of exploration, and 
absorbed much of the time throughout the whole season. 

Allied to the subject of peat is that of coal. It was 
deemed best that the two should be prosecuted together, es- 
pecially as the locality of the rumored coal exposures coin- 
cided with that of the greatest need for fuel, and again with 
that in which peat was supposed to exist. The southwestern 
quaiter of the state, including the Minnesota valley and 
those of some of its tributaries, have occupied the principal 
part of the season. In addition to these explorations, the 
counties of Cottonwood, Jackson and Nobles have been 
pretty thoroughly surveyed for peat. The northeastern 
portion of Jackson and the northwestern portion of Cotton- 
wood should be further examined. The question of the 
occurrence of coal, and its origin and nature, is mentioned 
under the head of "The Economical Geology of the Min- 
nesota Valley." 
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(b) The varielies of peat. 

In order to a perfect understanding of that which follows, 
Vj will be well to mention the different varieties of peat, 
briefly describing the nature and habitat of each, and the 
terms by which they will be designated. The different 
products of a vegetable nature that have attracted attention 
under the general term peaU and have served to some extent 
for fuel in the state, may be classified as follows: 

1. Slough peat. 

2. Side-hill peat. 

3. Turf- peat. 

4. Turf. 

Only to the first two of these is the term *'peat" properly 
applied, yet among the common people they are all. fre- 
quently embraced under that term. 

1. Slough peat, is that which is found in low ground, 
occupying the low^est spots in old drainage courses which 
are now either entirely destitute of currents of running 
water, or are only filled in the wet seasons of the year, or 
occurring in the depressions among the drift hills or knolls, 
the slow drainage from which prevents the accumulating 
water from standing for too great a length of time above 
the usual level. In southwestern Minnesota such peat must 
be so situated also that the slough w^hich holds it never 
becomes dry, else the prairie fires will certainly consume 
it. Hence, the necessity of constant springs of water to 
supply the slough in the dry months of the year. This 
again implies that the surface of the country must be 
rolling, at least that some bluffs of drift gravel must lie 
adjacent to the .slough to give origin to springs of water. 
These springs are very often invisible. Their existence may 
be known, however, by the standing of the water of the slough 
stt the same level, even in the dryest seasons. In case such 
l^eat lies in an old drainage course which shows no great 
flow of water in the dry season, the low spots containing 
i t are still supplied with water enough to preserve the peat,. 
t>y the slow, invisible, underground drainage ])ortaining to 
the valley. These correspond to the German IVieseninoore. 
The primary and essential ingredient that goes to form 
t:his kind of peat is a fine moss that grows over the surface 
CDf the bog, among the coarse stalks of other vegetation, 
such as grasses or rushes, making a handsome green sur- 
face. At a distance this moss cannot generally be seen. It 
IS hid by the coarfser vegetation. Besides this moss, the 
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roots and decaying stems of the grasses and other aquatic 
plants that may grow in the slough, also aid in the peaty 
accumulation. This moss is Shagnum palustre,* and the 
aquatic plants that accompany and hide it are bulrush 
(Actrpus), scourish rush {Equiseium), a short **blue-joint" 
grass, and occasionally the cat- tail (Typha laUfolia)^ and 
species of Polygonum, and some others. 

There is, besides the typical moss peat of the sloughs, a 
pulpy deposit in the bottoms of many small lakes and ponds 
derived from the coarse grasses and sedges that grow about 
their margins, which consists principally of vegetable mat- 
ter, and if treated properly will make a useful fuel. It is 
in the form of a fine silt, and is usually too limited in quan- 
tity, and too impure in quality to be very valuable. It is 
apt to be most abundant on the leeward side of the lake, 
where the prevailing winds have driven it, and the waves 
have beaten and broken it. This corresponds to the 
Schlammtorf of Holland. 

2. Side-hill peat, — This is formed on the side of a 
gentle declivity where springs of water furnish the neces- 
sary constant moisture. It is apt to accompany those 
springs that lie in belts, marking the outcropping up- 
per edges of shale beds or other impervious rock. It is 
composed of the same materials as slough peat, but is more 
liable to be impure, from the sand and dust that are car- 
ried upon it by the high winds of the plains. Such peat 
may accumulate to the depth of six or eight feet. It is far 
less common in soutliwestern Minnesota than slough peat. 
It requires also a rolling surface that may give rise to un- 
failing springs. Many springy side hills that in a moister 
climate would become poat-bearin^, dry up in summer to 
such an extent, in south wes corn Minnesota, that no aquatic 
plants can survive, and no peat can be formed on them. 

il Tnrf'peni. — This is formed of the roots and fallen 
stalks and blades of the rank grasses and sedges that grow 
in the shallow sloughs, or about their margins, in situations 
moist enough to resist the prairie fires. It is found some- 
times on a side hill or in a narrow ravine or inclined slough 
through which there is a slow seepage of water. It is al- 
ways more impure than the foregoing varieties, and becomes 
mixed with sand and black mud below the depth of 12 or 
IM inches, so as to render it unfit for use. It is always 
fibrous and conveniently handled. Owing to its being so 

•This is tlie vonunnn term. Dr. 0. \, While hsis, liowover, given the name Hypftvm 
aduHvnm to the poat moss of Iowa. 
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hard as to support the weight of a man, or often of a team, 
in the dry months of the year, its accessibility and the ease 
of taking it out by simple means, it is probably the most 
useful variety of peat to the farmers of southwestern Min- 
nesota. It is also the most common. In very dry seasons 
the fires get into this turf -peat and consume vast quantities, 
burning for several weeks, or even till mid-winter. It is 
invariably found about the margins of the little depressions 
in the general prairie which contain water in the spring of 
the year, but become nearly or quite dry in the summer. 
The i)eat itself is annually submerged for several weeks in 
the spring. It lies od a hard and impervious drift clay, 
which is generally very fine, and blackened to the depth of 
a foot or more by the charred vegetation of many genera- 
tions. 

4. Turf, — This is the common sod of the prairie. It 
passes into the last. It is made of the prairie grass roots, 
and those of other vegetation that may grow there. In dry 
sloughs, that furnish a fine growth of hay annually, it is 
sometimes fit for fuel, but it rarely becomes thick enough 
to make it of much use for that purpose. It always con- 
tains considerable sand and clay. 

(c) The qualifjj of Minnesota peats. 

There is nothing in Minnesota, so far as yet discovered, 
that answers to the extensive moors or heathers of the 
moist climates of Ireland, Holland and North Germany. 
They occur on the northeast coast of North America, in 
Labrador, Newfoundland and Anticosti, where the sum- 
mers are not so excessively warm, and where frequent fogs 
give the atmosphere that state of moisture which the peat 
mosses require. Along the low lands on the south coast 
of Anticosti **a continuous plain covered with peat ex- 
tends for upward of eighty miles with an average breadth 
of two miles; thus giving a superficies of more than a 
hundred and sixty square miles.''* It has a thickness of 
three to ten feet. In the wooded portions of the state the 
peat deposits are likely to be made up of more or less coarse 
vegetation, such as deciduous leaves, and the stems and 
roots of various ericaceous plants. In the extensive peat 
deposits of the old world the vegetable fiber is entirely de- 
stroyed below a depth of ten or fifteen feet, and tlio peat 
has a compact, earthy texture, and a black or brown color. 

"Geology of Caoada, 1863. 
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The peat deposits of Minnesota are, so far as known, too 
shallow to exhibit this perfect decomposition, and hence, 
they are generally distinctly fibrous from top to bottom. 
In the lower portions of the deep peat bogs of Ireland the 
per cent, of ash is much greater than near the surface, reach- 
ing sometimes as high as nineteen per cent, those portions 
near the surface, which contain the vegetable matter but 
little altered, affording but one and a half per cent. Thus, 
while the density of peat, and hence its usefulnessfor domes- 
tic fuel, are enhanced by the greater depth, its combusti 
bility and its purity are diminished. The superficial layers 
have nearly the same composition as wood. The foreign 
substances, that constitute the ash of the lower portions, are 
lime silica, iron and clay. The lime is derived from the 
small shells that often inhabit the bog, and which sometimes 
are so abundant as to have caused, by their accumulation, a 
bed of shell- marl at the bottom of the lake before the growth 
of the peat mosses tilled it. Such shell-marl beds often 
occur at the bottom of peat bogs. Silica may have entered 
the growing peat by being blown on in the form of sand, or 
washed in by freshet rains from the adjoining hills. Iron 
is found in nearly all water in its natural state. As a car- 
bonate it may be carried in solution by spring water issuing 
from ferriferous gravel or sand. On exposure to the air it 
is converted to a liydrated peroxyd, which is precipitated as 
a red film on all substances. If long continued it would 
thus form a bog ore, or brown hyematite. It would descend 
by its specific gravity to the bottom of the peat bog. The 
clay that makes a i)art of the ash of peat is a composite sub- 
stance. Its chief ingredient is alumina. It may also "be 
carried into the bog by small streams so as to mingle with 
other impurities in the greatest proportion at the bottom. 
By reference to the accompanying chemical analyses, per- 
formed by Dr. P. B. Rose, of Ann Arbor, Mich., and by 
Prof. S. F. Peckham, chemist of the survey, it will be seen 
that a great diversity exists in the qualities of the samples 
of peat from Minnesota, but that they compare favorably 
with peats analyzed from Iowa, Connecticut, or even the 
famous Irish peat. 

(d) Peat (malt/srs bjf Dr. lios(\ 

Of the peats analyzed by Dr. Rose, the samples num- 
bered 1 and - were pro(uirod and furnished the survey by 
Dr. C D. Williams, of St. Paul. No. 3 was furnished from 
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the manufa<5tory by W. Z. Haight. No. 4 was obtained 
by the sun^ey, and is named in the section describing it, 
"peaty, lake sediment," No. 5 is properly not a peat, 
but a turf-peat as defined on page 90. No. 6 is a fair 
sample of raw peat, from Wells, in Faribault county, ob- 
tained by the survey. The corresponding serial numbers in 
the records of the survey, run from 5 to 10 inclusive. 

Prof, N, H. Winchellf state (feolo(jisf of Minnesota, St. 
Anthony Falls, Mimu 

Dear sir : — The six samples of peat furnished me by 
express, and marked as follows : 

No. 1— Schmidt's land,St. Paul—taken out eij^ht feet below the surface; 

No. 2- Schmidt's land, St. Paul— two feet below the surface: 

No. 3— Manufactured peat, from Wells: 

No. 4 -Lake Emily, near St. Peter; 

No. 5— Empire City: 

No. 6— From Wells, not manufactured:— 

have each been submitted to an analysis, with the following 
results: 100 parts of the air-dry ])eat contain— 



Hygro- 
scopic 
water. 



Ash. 



I 

Organic 
matter. 



Peat No. 1 (Serial No. 5) I 13.75 

Peat No. 2 (Serial No. 6) 12.65 

Peat No. 3 (Serial No. 7) 14.00 

9.83 

8.83 

15.95 



12.73 
21.67 
18.17 
67.17 
77.:J5 
18.17 



73. 52 
65.68 

67 8:^ 

23.00 
13.82 
65.88 



Peat No. 4 (Serial No. 8) 

Peat No. 5 (Serial No. 9) 

Peat No. 6 ( Serial No. 10) 

The ash or inorganic matter, varying greatly in quantity, 
'was still further subjected to analysis, with the subjoined 
result : — 



Peat ash. 


No. 1. 


No. 2. 


No. 3. 

58.31 

.41 

.18 

14.18 

2.00 

10.21 

2.11 

11.63 


No. 4. 


No. 5. 


No. 6. 


Silica 


49.09 

.63 

.37 

13.87 

3.01 

14.92 

8.23 

10.27 

Trace. 


65.39 

.57 

.31 

10.60 

2.24 

6.31 

S.34 

5.97 

Trace. 


88.9r> 
.12 
.11 

1.43 
.82 

7.(M 
.12 

1.S2 


59.37 

.14 

.08 

18.10 

1.41 

6.58 

.14 

14.12 


61.32 


Potassa 

SUKla 

Ijime 

Magnesia 

Iron and alumina... 

Sulphuric acid 

Carbonic acid 

Phosphoric acid — 
Chlorine 


.55 

.23 

12.44 

2.43 

9.71 

2.37 

10.69 


Trace. 






Trace. 




100.39 














99. 73 


99.70 


100.70 


99.94 


99.96 
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The following is the elementary analysis of the organic 
matter : — 





Per 100 of the organic 
matter. 


Per 100 of the original 
air-dry peat. 




Carbon. 


Hydro- 
gen. 


Oxygen; 

& nitro- Carbon, 
gen. 


Hydro- 
gen. 


Oxygen 
& nitro- 
gen. 


PeatNo. I 

Peat No. 2 


53.06 
52.22 
52.02 
48.66 
46.58 
51.94 


6.19 
6.11 
6.68 
9.73 
10.51 
6.17 


40.75 
41.67 


39.03 
34.30 


4.56 
4.01 
4.54 
2.24 
1.45 
4.06 


29.93 
27.37 


PeatNo. 3 


41.30 


35.30 


27.99 


Peat No. 4 

PeatNo.5 


41.61 
42.91 
41.89 


11.19 

6.44 

34.22 


9.57 
5.93 


PeatNo. 6 


27.60 



The composition of the above samples of peat compared 
with that of tiard wood is as follows ; 





Carbon. 

39.6 
39.03 
34.30 
35.30 
11.19 
6.44 
:)4.22 


Hydrogen 


Oxygen 

and 
nitrogen. 


Ash. 


Water. 


Wood 


4.8 

4.56 

4.01 

4.54 

2.24 

1.45 

4.06 


34.8 
29.93 
27.37 
27.99 
9.57 
5.93 
27.60 


0.8 
12.73 
21.67 
18.17 
67.17 
77.35 
18.17 


20.0 


Peat No. 1 


13.75 


Peat No. 2 


12.65 


PeatNo. 3 

PeatNo.4 

Peat No. 5 

Peat No. 6 


14.00 
9.83 
8.83 

15.95 



The heating power of each of the six samples of peat, as 
compared with an equal weight of air-dry oak wood, is 
based on the amount of oxygen required for complete com- 
bustion, or by the number of pounds of water raised from 
32° to 212° F. 



100 lbs. 
100 lbs. 
100 lbs. 
100 lbs. 
100 lbs. 
100 lbs. 



of air-dry 
of air-dry 
of air-dry 
of air-dry 
of air-dry 
of air-dry 



peat No. 1 
peat No. 2 
peat No. 3 
peat No. 4 
peat No. 5 
peat No. 6 



104.2 lbs. of oalc wood. 
94.7 lbs. of oak wood. 
98.1 lbs. of oalc wood. 
34.4 lbs. (»f oalc wood. 
16.9 lbs. of oak wood. 
89.6 lbs. i»f oak wood. 



All of which is most respectfully .submitted. 

P. B. ROSE, 
Asst. in chemistry, University of Michigan. 
Chemical laboratory, University of Mich., Nov. 22, 1873. 
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(e) Peat analyses by Prof, Peckham, 
Prof, N, H, Winchell, state geologist of Minnesota: 

My dear sir — The following is a report of the chemical 
investigations conducted in accordance with your sugges- 
tions for the geological survey of Minnesota: 

I desire to state that when I assumed the duties of chemist 
to the geological survey last August, I found absolutely 
nothing in the University laboratory in preparation for 
special investigations of the nature of those I was about to 
undertake. The room in which I have worked had to be 
fitted up. Much of the apx>aratus used had to be procured 
from New York. All my solutions of reagents had to be 
prepared, as well as many of the reagents themselves. In 
fact I began at the beginning and fitted up my laboratory 
before doing any of the work at hand. I have also dis- 
charged at the same time the duties of a full professorship 
in the University, and have consequently only been able to 
give the work of the survey the second place. 

No- 1 . Tripoli. — You have placed in my hands for exami- 
nation a specimen of tripoli, or very fine grained, fria- 
ble sandstone, of which 25.15 per cent, was found to be 
soluble in boiling concentrated hydrocholic acid. The 
remaining 74.85 per cent, consisted of microscopic, appa- 
rently angular fragments of white quartz. The soluble por- 
tion consisted chiefly of ferric oxide (Pe, O,) and a smaller 
portion of the carbonates of lime and magnesia, of which 
quantitative determinations were not made. 

"-4," clippings of native copper, — A specimen which I 
have marked A, of which I have made the following record: 
A letter was handed me addressed to Prof. Winchell by R. 
S. Russell, of Pleasant Grove, Olmsted Co., Minn., con- 
taining an enclosure of minute fragments or clippings of 
what appeared to be native copper. **Found on the south 
bank of Root river in the neighborhood of green shale ♦ * 
imbedded in loose rock found on the surface.*' 

Completely soluble in dilute nitric acid. Evaporated to 
dryness the residue was completely soluble in water and 
contained nothing but nitrate of cox)per. 

Mineral Water,- A pint of mineral water not labeled. 
It appeared not to have been filtered. The results of as 
complete a qualitative analysis as the small quanity would 
admit of, are as follows: 

The water contained a brown, Hocculont deposit and crys- 
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taliine scales. It was peutral to litmus, tumeric and lead 
papers, showing the absence of free acids, alkalies and sul- 
phuretted hydrogen. It was also odorless, with a bitter 
saline taste. 

Three hundred and ninety- three cubic centimeters were 
evaporated to dryness, A portion of the residue dissolved 
in water contained potassium, sodium, chlorine, sulphuric 
acid and a trace of phosphoric acid. The residue insoluble 
in water dissolved in hydrochloric acid with escape of car- 
bonic acid, and the solution contained chlorides of lime and 
magnesia. 

The results indicate that the water held in solution: 

Carbonate of lime. 

Carbonate of magnesia. 

Chloride of sodium and potassium. 

Sulphate of sodium and potassium. 

Phosphates, a trace. 

A little organic matter was not dissolved in hydrochloric 
acid. 

This water will bo further examined. 

No. 29. — A specimen supposed to be carbonate of mag- 
nesia, was found to be a light -colored friable clay, contain- 
ing a large proportion of sand; will be still further 
examined. 

Nos. 30 and 31. — Two specimens of siliceous limestone, 
containing small, rounded grains of a soft, light-green min- 
eral, were to be examined for carbonate of copper. Dilute 
hydrochloric acid dissolved the lime with disengagement of 
carbonic acid. The hydrochloric acid solution was colorless 
and contained lime, iron, magnesia and a trace of manganese, 
with carbonic and silicic acids, but no copper. The insolu- 
ble ])ortion consisted of grains of quartz sand, and the green 
mineral which contained iron, alumina, magnesia and soda, 
with silicic acid. This groon mineral has the appearance of 
being green slate, in water worn grains. The species can 
only be a<jcurat«ly determined by a quantitative analysis. 
They will bo still further examined. 

Pedis numhered 10 h l\S inclnsire, — Thirteen specimens of 
peat were examined with reference to hygroscopic water, 
organic matter and ash. They were all treated exactly 
alike. An average samjilo of each of the specimens was 
finely pulverized and lliorouglily mixed Of this one gramme 
was carefully weighed in a one-ounce platinum crucible. 
The covered crucible containing the assay was then placed 
in an air bath, and heated to 21:2-2-0 degs. Pair., until it 
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ceased to lose weight. The loss was estimated as hygro- 
scopic water. The cover was then removed, the crucible 
inclined and heated to dull redness, finally to bright redness, 
until the combustible matter was entirely consumed. The 
loss was estimated as organic matter and the residue as ash. 
The following results w^ore obtained: 



No. 


1 
ill 

• 


y^jroscopic wat»»r. 
12.72 


1 

j Organic iiiiittor. 

i 


A.'ih. 


16 


1 


! 68.52 


18.76 


17 




ia.04 


48.64 


38.32 


IS 


1 


10.SM» 


44.56 


44.45 


Ut 




2().64 


53.60 


25.76 


20 




16.75 


47.03 


36.28 


21 




11.93 


33.48 


54.59 


22 




13.58 


53.28 


33.14 


2.-; 


• 


11.03 


41.67 


47.30 


24 


I 


10.225 


64.475 


25. :k) 


20 


1 


10.80 


16.33 


72.87 


26 


1 


8.6?» 


31 . (K) 


59.41 


27 


[ 


9.85 


42.63 


47.52 


28 




29.44 


58.17 


12.39 



These peats w^ill be still further examined. 

An absolutely accurate comparison of these peats with 
oak wood cannot bo made without a determination of the 
carbon and hydrogen present in each; but in order to furnish 
a tolerably correct basis of comparison, the average amount 
of carbon and hydrogen as compared with llie total amount 
of organic matter, was estimated in the six specimens ex- 
amined by Dr. Rose. It was found to be 5«.4 per cent. 
The proportion contained in oak wood being made the 
standard of comparison or 100 per cent., all of the peats 
examined by Dr. Rose and myself, were found to possess 
the following values, 100 pounds of the air-dry substance 
being taken in each case: 



100 lbs. 


Oak wo(mI 


! 1(K).0 IVks. , 


100 lbs. 


No. 


19 


70.5 lbs. 




■ Ik 


Serial 


No. 5 


; 99.0 






, » 




20 


61.7 •» 




k ti 




*' 6 


-, 86.0 






• t 




21 


44.0 *' 








.. 7 


1 vS9.3 






• i 




•>2 


70.1 " 








*' 8 


' :i0.2 






,• 






54.8 *' 








^* 9 


IH.l 






i « 




24 


84.9 *' 








*' 10 


H6.7 






( « 




25 


21.4 '• 








*' 16 


iK).2 


" ! 




i k 




26 


42.0 " 








*' 17 


64.0 


** 1 




• « 




27 


56.1 »' 


<i 






'• 18 


' 58.6 

1 






b • 




2.S 


76.5 '• 
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No. 28 was one of the first examined, and was not probably 
sufficiently dried, as the amount of water is very large, 29.44 
per cent. The ash is only 12.89 per cent., however, which 
is very low. This peat is no doubt very nearly as valuable 
as number 16, when properly dried. 

The value of these peats, as compared with each other, is 
as follows : 



1 


Ser. No. 5 


7 


1 
Ser. No. 28 j 


13 


Ser. No. 27 


2 


*» 16 


8 


»' 19 ! 


14 


•* 23 


3 


^* 7 


9 


" 22 : 


15 


" 21 


4 


** 10 


10 


** 17 


16 


•* 26 


5 


" 6 


11 


'• 20 


17 


" 8 


6 


.« 24 


12 


*» 18 

1 


18 
19 


»* 26 
** 9 



All of which is respectfully submitted. 

S. F. PECKH AM, 
Chemist to the geological survey of Minnesota. 
St. Anthony Falls, Dec. 23, 1873. 

Of the foregoing samples analyzed by Prof. Peckham, 
No. 1 WEB obtaiDiMl at Stillwater, Washin^j^tOD county. 
"A" was from Pleasant Grove, Olmsted county. 
"Mineral water" was from the reputed salt springs at Belle Plat ne, 

Scott county. Other samples have been since obtained and 

will receive analysis. 
No. 29 was from the sandstone near the Rod Jacket mills, in Blue Earth 

county, apparently consisting of magnesia or magnesia and 

lime. (See description of that locality, page 96.) 
Nos. 30 and 31 were from the St. Lawrence limestone, the former from 

St. Lawrence, Scott county; the latter from Judson, in Blue 

Earth county. 
No. 16 was a peat from St. Cloud, 18 inches below the surface. 
No. 17 was a peat from Lura, in Faribault county, 18 inches below the 

surface; land of W. Z. Haight. Bog A. 
No. 18 was from the same bog as No. 17, 3 feet below the surface. 
No. 19was a peat from the same place. Bog B, 18 in. below the surface. 
No. 20 was from the same bog as No. 19, 3 feet below the surface. 
No. 21 was a turf-peat, owned by John Haggard, sec. 4, T. 101, R, 39. 
No. 22 was from K. K. Peck's land, near Windom, 2 feet below the 

surface. 
No. 23 was from K. K. Peck's land, near Windom, 3 feet below the 

surface. 
No. 24 was a peat from land of Rev. Edward Savage, near Windom, 18 

inches below the surface. 
No. 25 was a turf-peat from S. O. Taggart's land, sec. 24, T. 105, R. 35. 
No. 26 was a peat from land of A. A. Soule, Mountain Lake, 2 feet 

below the surface 
No. 27 was peat from land of St. Paul & Sioux City railroad, sec. 13, T. 

106, R. 37, 2 feet below the surface. 
No. 28 was a peat from land of F. G. Taylor, Brooklyn, Hennepin Co. 
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(f) Where peat exists in Minnesota. 

The method adopted for testing for peat is very simple. 
A common augur, of about one and a half inch bore, is sup- 
plied with a jointed rod eight or ten feet in length. The 
handle and all of the joints are removable, and can be trans- 
ported in one package. The thread of the auger will bring 
out the material passed through, from any desired depth, 
the samples being preserved if necessary. This will answer 
for most cases. If the peat prove too pulpy or too wet to be 
brought out on the thread of the auger, other means must 
be adopted. When it is too fibrous and loose to be pene- 
trated by the auger, the desired sample can be taken out by 
the hand, as the loose and fibrous parts are always near the 
surface. The best way to illustrate the contents of a peat 
marsh, is to take out and dry a full section from the surface 
to the bottom, cutting the fiber with the slane, and exposing 
the variations in composition and color without disarrang- 
ing their superposition. 

The following notes on the observed location of peat de 
posits do not embrace a much larger class of observ^ations, 
made during the summer on localities where peat does not 
exist, but where it was supposed by the owners to exist in 
abundance 

1. At a i)oint about half a mile east of Empire City, in 
Dakota county, the augur was sunk in the land of Albert 
Whittier. This is within the valley of the Vermilion river, 
and revealed the following section. 

No. 1.— Turf peat, about 1 ft. 

No. 2.— Black, sticky, heavy mud 3 ft. 

No. 3 —Sand, with some gravel, penetrated 1 ft. 

This character of surface prevails, judging from outward 
appearances, over an area of many acres in this part of the 
valley, passing also on to the land of Mr. Gray, further 

2. Sec. 22, T. 114, R. 19, Dakota county. Owner's 
name unknown. Agents, Claggett & Crosby, Farmington. 

No. 1.— Wet turf-peat 1 ft. 

No. 2.— Fine, black mud 2 ft. 

No. 3.— Green, sandy clay 1 ft. 

No. 4.— Sand, of a (j^reenish cast 2 ft. 4 in. 

No. 5.— The same, indefinitely. 

3. About sec. 22, T. 114, R. 19, Dakota county. 
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No. 1.— Black turf-peat, loose and fibrous 1 ft. 

No. 2.— Fine, black luud 6 In. 

No. 3.— Sand and jfravel 6 in. 

No. 4.— -The same indefinitely. 

4. In the same bog; near an outcrop of the St. Peter, 
N. W. from Empire City. 

No. 1.— Black turf, fibrous 1 ft. 

No* 2.— Sand; the same indefinitely 1 f t. 

5. In the same bog; owned here by James Murphy. 

No. 1.— Black, impure turfy peat 1 ft. 

No. 2.--Yello\vish-iirreen, sandy clay 1 ft. 

This burned over more or less for some distance in vari- 
ous directions a few years ago, passing also on to the land 
of others. This whole slough is termed * 'meadow" by the 
owners, and furnishes annual crops of hay. In the dry 
months teams can be driven over it in most places. It is 
in the valley of the Vermilion, the greatest part lying on 
the north side of the river. 

0. Land of James Murphy, sec. 15, T. 114, R. 19. 

No. 1.— Turf-mold, or Turf-peat and hard enoujjh for 
teams to pass over, little fibrous, burned over a few 
years ajjo 1 ft. 6 in. 

No. 2. -Yellowish-ifreen clay |see Dr. Roses analyses] 6 in. 

7. Near the center of the same bog, PI of Murphy's. 

No. 2--Black turf-prat, wet 6 in. 

No. 2.— Clay and mud of brownish-ash color, with streaks 
of gn;on 1 ft. 

8. Land of Caleb Adams, same slough. One mile 
northwest of Empire City. 

No. 1.— Fihnius lurf-poal 1 ft. 6 In. 

No. 2.— Sand, indefinitely. 

This peat has as good (or belter) appearance as any yet 
seen on this marsh. 

9. Land of I). S. F^ilchor, two and a half miles east of 
Farmington. sec. 1*7, T. 114, U. l\l A branch of the Ver- 
milion valU\v, coming in from Iho southwest, consists now 
of a long, wide slough, having the surface characteristics 
of the vallev of tho Vonnilicm. 
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'So. 1.— Black muck, somewhat tibroiison th«.» top, bocomin^' clayey and 
sandy, hut passing' Into stiff, brown clay in 18 in 1 ft. 

Tested no further. 

Mr. Pitcher says this surface turf burned, in 1863, from 
July to December, making many ** hog- wallows." 

10. Kasota, LeSueur County. This marsh is crossed by 
the Sioux City R. R. This point is on the east side of the 
R. R., six rods from the drift bluff. 

No. 1.— Pretty ^ro(Kl peat 8 In. 

No. 2.— Black, sandy clay 2 ft. 

The whole depth drilled showed frequent shells. 

11. In the same marsh, on the west side of the R. R., 
fifteen rods from the drift bank. 

No. 1.— KfK)ts and stems ol" j^rass, with some peaty, ve^je- 

table decomposition 8 in. 

No. 2.— Black, peaty mud, with a few fragments of shells 

and some sand 1 ft. 4 in. 

No. 3.— Black or brown mud, with sand and fragments of 

shells 4 ft. 

12. Head of lake Emily, in LeSueur county, near St. 
Peter. Land of M. French. 

No. J.— Roots and soft, fibrous lake sediment 1 ft. 

No. 2.— Peaty lake sediment, with little or no sano 1 ft. « in. 

[See Dr. Rose's analyses.) 

No. 3.— Peaty mud, with a little sand 1 ft. 

No. 4.— Black, lake mud, sandy 2 ft. 

13. Wells, Faribault Co., land of Clark W. Thompson. 

• 

No. 1.— Watery, fibrous peat 4 ft. 

No. 2.— Peaty mud, with shells and s(»me sand 6 in. 

No. 3.— -Brownish mud and clay 6 in. 

14. Wells, Faribault Co., land of Clark W. Thompson. 
Same slough as the last. 

No. 1. — Good peat, showin^j some sand jf rains « ft. 

No. 2.— Peaty mud and clay. |.See Dr. Rose's analys»»s] r, in. to 1 ft 

15. Wells, Faribault Co., same slough. 



• 



No. 1.— Peat of good (luality ."» f t. 

No. 2.— Peaty mud Gin. 
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16. There is a peat deposit of 80 or 100 acres near Lura, 
in Faribault county, sec. 30, T. 104, R. 25. Land of H. P, 
Quinby and J. Robinson. Said to be four feet deep. 

17. Peat is manufactured near Fairmount, m Martin 
county, by Mr. A. L. Ward. 

18. Near Lura station, in Faribault county, peat exists in 
considerable quantities, on land of W. Z. Haight. [See Prof. 
Peckham*s analyses.] 

19. Sec. 24, T. 105, R. 35; Cottonwood county. Land of 
S. O. Taggart. In a dry slough, covering many acres, the 
surface consists of a turf-peat, to the depth of about a foot, 
passing into black mud and sand. The very top is fibrous 
and even spongy. 

20. Land of S. O. Taggart, 5 miles east of Windom. In a 
narrow spring ravine, where water stands or slowly runs 
throughout the year, and near its head, a thickness of a foot 
or more of turf -peat may be taken out over a space of a few 
rods square. It is thicker and better near the head of the 
ravine than at any other point, owing to the more constant 
protection of the grass and roots from the prairie fires. 

21. Other similar peaty ravines occur on land of Miss 
Ellen Imus, near that of Mr. Taggart 

22. A mile and a half northeast of Cannon City, Rice 
county. Land of VVm. Dunn. A shaking bog of peat is said 
to occur on S. E. 1-4 sec. 11, T. 110, R. 20. 

23. Mountain lake, Cottonwood Co. Near Mountain 
Lake station, on land of A. A. Soule, a coarse turf-peat 
covers the surface of a dry slough to the depth of ten to 
eighteen inches. Near a spring along side of this slough 
which is tributary to Mountain lake the surface quakes, and 
the peat is thickest. 

24. Around Mount«,in lake the land is low, and is flooded 
in the wet season. This low land contains considerable peat 
for some distance out toward the lake. The surface shakes 
under the tread. It is covered in the summer with a tall 
grass, which much resembles the wild rice, yet the softest 
places, where the x^eat occurs purest, are furnished with a 
short grass. Peat here is two or more feet thick. The land 
examined is owned by A. A. Soule. 

[See Prof. Peckhjim's analyses.] 

25. Sec. 13, T. 106, R. 87, Amo, Cottonwood Co. A 
slough that shakes is in the valley that forms the prolonga- 
tion of Ihe Des Moines valley northwestward above the 
great bend a few miles above Windom,' and has a spongy 
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peat about two feet in thickness, with black mud below. It 
covers six or ten acres. 

26. In the same prolongation of the Des Moines valley, 
on K. K. Peck's land, two miles above the bend of the Des 
Moines, is a thickness of two or three feet of peat. This 
valley seems to hold about two feet of peat along a consider- 
able area through the middle, and would supply a great 
quantity. It is not of a superior quality, but might be very 
useful to the settlers. 

27. Sec. 2, T. 105, R. 38, Cottonwood Co., Govern- 
ment land. Side-hill peat occurs on a gentle slope over the 
space of a few rods, having a thickness of a foot and a half 
or two feet Such peatty patches appear also on the oppo- 
site side of the main valley, arising from the issuing of 
springs that keep the surface moist, while the lower land in 
the same slough is dry and hard. This peat is not free from 
sand. It also smells strongly of sulphuretted hydrogen. 

28. NE i sec. 28, T. 105, R. 36, Cottonwood Co. 
Land of A. J. Hall. In a turfed ravine, where water stands 
or slowly oozes through the turf, sloping gently toward the 
Des Moines river, a turf peat may be taken out to the depth 
of a foot or twenty inches. The belt containing peat is 
from ten to twenty feet wide, and similar in its situation to 
that of Mr. S. O. Taggart, but more extensive. It shakes 
under the feet for three or four feet about, but a horse can 
walk safely over it in most places in the dry season. Indeed, 
it is mown for hay every year. An irony scum lies on the 
ground and on the grass stalks. The peat itself is a turf, 
but contains shells and some grit. 

Another similar ravine is on the same claim. Numerous 
others might be located along the ravines that cross the Des 
Moines bluffs. 

29. SW. i sec. 4, T. 104, R. m. Delafield, Jackson 
county. Land of Rev. Edward Savage. A good moss peat 
occurs here in a slough, having an average thickness ot two 
feet, over an area of ten acres or more. The slough is con- 
fined between bluffs that appear to be entirely composed of 
drift, and has a feeble drainage into a small lake (String 
lakes). The surf ace is mostly covered with a short (blue 
joint?) grass, but also with chair-bottom rushes. Some 
patches also of Typha laiifoUa are se(Mi. No horse tail rush 
appears. In passing over the surface of this marsh it quakes 
live or six feet around, and the auger hole is immediately 
filled with water to the top. Below eighteen inches (even 
sparingly in ten or twelve inches) shells begin to bo rather 
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common, and the auger next brings up a black mud with 
many shells. The most of this peal is made up of the peat 
moss, though at a depth of a foot or eighteen inches it con- 
tains grass roots and other fiber. 

30. NE. i sec. 30, T. 105, R. 36. Laud of Arthur John- 
son. Turf -peat occurs in a ravine, twenty feet over, where 
fuel can be taken out. 

31. Land of Geo. C. Bush, sec. 6, T. 105, R. 37, holds 
a peatty turf, in a dry slough near the mouth of a ravine, in 
considerable abundance. Sandy below. 

32. T. 105. R. 38, Southbrook, Cottonwood county. Peat 
exists, according to Mr. John Crapsey, three miles north of 
Talcott lake. 

33. Land of the St. Paul & Sioux City and Sioux City & 
St Paul R. R.. sec. 31, T. 105, R, 37, Jackson county. A 
thin deposit of about six inches of peat covers about half 
an acre, mostly under water. This is the only peat that can 
be found in the vicinity of Heron lake. 

34. Land of F. G. Taylor, Brooklyn, Hennepin county, 
seven miles north of Minneapolis, furnishes a fine quality of 
peat. [See analyses of Prof. Peckham.] 

35. Land of B. S. Langdon, sec. 4, T. 102, R. 41, Nobles 
county. Hero a turf- peat occurs, about 14 inches in thick- 
ness, lying on a side-hill or gentle slope, having a springy 
character when trod on. It is underlain by a black mud, 
which has been mistaken for non-fibrous peat. Of the turf 
several cords (perhaps a hundred) have been taken off, 
preparatory to excavating the rich (?) peat below, when 
it was discovered that it would not burn, but w^hen placed 
in the fire turned out hard and heavy like burned clay. ■ 
The turf itself will make a fuel that will compare well with 
any turf-poat discovered. 

36. Peat, eight or ten inches thick, exists on the rail- 
road land, sec. 27, T. 101, R. 40, Nobles county, of a 
turfy character, but good quality. It lies over an acre or 
two, but may be taken out probably in other places along 
the dilTereiit creeks that unite hero. 

37. At Bigelow. in Nobles county, there is a considera- 
ble thickness, perhaps two feet, of half-carbonized, pulpy, 
vegetable silt, lying entirely bellow the water of a lake, 
made up of decaying .sedges and grasses and their roots. 
It is torn in pieces by the waves in the lake and gathers 
about the shores and under tlie bog-turf, driven most abund- 
antly to the side that faces the prevailing winds. It is often 
intermixed with fine mud and shells, especially near the 
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bottom. It will probably furnish, if dry, a combustible 
material that would answer well for fuel, if it should prove 
obtainable in sufficient quantities, and especially if it were to 
be pressed and molded. It has not the necessary origin nor 
nature to be styled peat. 

38. John Haggard takes out turf in a low patch on sec. 
4, T. 101, R. 39, Nobles county. It occurs partly on state 
swamp land, partly on railroad land, and partly on the 
claim of Charles Peterson. It is in nature and position 
similar to the turf on B. S. Langdon's land, northwest of 
Worthington. Mr. Haggard takes it out with a spade, 
about a foot in depth, in large blocks. Then drawing it to 
the house he cuts it into convenient smaller blocks, and 
spreads and piles it for drying. After drying about four 
or six weeks it is fit for burning. It burns quickly but 
leaves considerable ash. (See the report of Prof. S. F. 
Peckham.) 

39. On the S. E. i sec. 27, T. 102, K. 34, Jackson county, 
Mr. W. V. King correctly describes a peat marsh. 

40. Peat occurs of good quality just west of the limits of 
St. Cloud, in Stearns county, about a foot and a half thick, 
underlain by a bed of shell marl, which, before the introduc- 
tion of the Shakopee lime, was considerably burned for 
quick lime. [See Prof. Peckham's analyses.] 

41. Peat occurs within the corporate limits of St. Paul, 
having, according to Dr. C. D. Williams, a depth of eight 
feet. It lies on the land of Mr. Schmidt. [See analyses 
of Dr. Rose.] 

42. At Red Wing, Goodhue county, good peat has been 
taken out and experiments in manufacture made on the farm 
of Capt. O. Eames. This peat lies in the bottoms, between 
the shore and next range of river bluffs. The experiments 
were made under the direction of the Ddvidson steamboat 
company, by Capt. Isaac Webb, of Stillwater. 

43. At East Minneapolis, Mr. W. W. Wales and Dr. 
M. D. Stoneman took out about 25 cords of peat in 1865. 
The average thickness is about eight feet, and the j)eat, 
although light and fibrous at the top, was heavy and solid 
below, becoming brown or nearly black. Digging and dry- 
ing cost 80 cents per cord. It was consumed in common 
stoves, leaving a heavy ash. In cost it woukl not compete 
with pine wood from the saw mills. 
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(g) The tcorkinf/ of pcaf. 

The great porosity and consequent bulk of i^eat make it 
exceedingly'^ desirable that, before it is used for fuel, it 
should be compressed, both for the purpose of removing the 
contained moisture, and of getting an intenser heat. The 
brown, fibrous peats are also liable to crumble on being 
handled, and will not bear transportion, unless rendered 
more tenacious and dense by some process of manufacture. 

To accomplish this, various methods have been invented. 
The '*turf'' that is extensively burned by the peasantry in 
Ireland, France and Germau3\ is simply taken from the 
bog and dried in the sun. When first taken from the bog 
its weight consists of from 70 to 90 per cent, of water. 
When ready for use it still holds from 20 to 35 per cent. 
That \^hich has been stacked from six to twelve months still 
retains from 18 to -0 percent., and after being kept in a 
dry house for two years, from 10 to 15 per cent, of water. 
Its heating etTect then is about equal to that of an equal 
weight of pine wood. Peat may be condensed and prepared 
by machinery so as to weigh more than hard wood. It may 
be made nearly as solid and tenacious as coal, its specific 
gravity being nearly that of bituminous coal. In this form 
it may be subjected to a strong blast, rendering it useful in 
ordinary grates and furnaces. 

It is intended to describe briefly some of the methods of 
manufacturing peat in America. Many of the facts herein 
stated are obtained from Lcarltrs peat Journal of March, 
1867; others from Prof. Johnson's ''Peal and Us uses,*' 

**In this country comparatively little has been done; and 
until quite recently, no machinery whatever, especially con- 
structed and ada])ted for the production of solid fuel from 
peat, has boon put in practical operation. The impression 
has seemed to prevail that the material is to be treated like 
clay, and that brick machinos might be readily made to work 
the" desired results; but the idea is erroneous. Numei'ous 
brick machinos have bo(Mi tried, some of them very ingeni- 
ously and perfectly constructed, and which have been dem- 
onsti*ated to bo also perfect in their operation upon clay: 
but have proved an entire failure when x)eat was substituted 
instead. It is true, however, that with two or three of these 
machines poat has been compressed into compact blocks 
having the appearance of groat solidity when moist; but so 
soon as the moisture is evaporated, as it will inevitably be 
in time, the mass is found to be porous and light. 
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**Quite a number of presses^ some of them exceedingly 
ingenious in device and construction, and powerful in their 
operation and supposed to be so arranged as to press the 
water out of the mass, and leave the material compact and 
nearly or quite dry. have been built and tested, with failure 
of success as a unifonn result; and although the records 
and reports of such cases, both in Europe and this country, 
are sufficiently extensive to explode the idea that any profit- 
able results can be obtained by pressure alone, there are, 
nevertheless, those who are still persistent in their efforts 
to accomplish it by such means, and are now devising new 
methods of applying powerful pressure, which, were they 
to consider but for a moment the nature of the material in 
its crude state, would be seen at once to be clearly of no 
avail. The famous Beater press, which, within a few years, 
has acquired great notoriety, and is now probably the most 
powerful press in use for hay, straw, cotton, tobacco, &c., 
has been tried several times in New York and Massachu- 
setts, by parties sanguine of success, but with only the same 
results as with other presses." 

Ashcroft and BcUehnfs process. — "Under the patents of 
Ashcroft and Betteley operations were commenced in Mas- 
sachusetts in 1864. Their process, as claimed, provides for 
separating the tibrous from the thoroughly decomposed por- 
tions of the peat, by combing; in doing which the mass is 
reduced to a pulp, which is then conveyed into high tanks 
where it is proposed to allow it to remain until by its own 
weight and pressure it shall have become sufiiciently dense 
to be formed into blocks, when, by opening a small gate near 
the bottom of the tank, it is presumed that the pressure of 
the superincumbent mass will force it out in a continuous 
sheet, of uniform size, as regulated by the orifice, which may 
then be cut in blocks and laid away to dry." 

Roberts' process. — The machinery set up at Pekin, New 
York, in 1865, is the invention of Mr. M. S. Roberts. The 
following description of it is from the Buffdlo Express, of 
November 17, 1865: '*In outward form the machine was 
like a small frame house on wheels, supposing the smoke- 
stack to be a chimney. The engine and boiler are of a loco- 
motive style, the engine being of thirteen horse power. 
The principal features of the machine are a revolving eleva- 
tor and a conveyor. The elevator is seventy-liv(» feet long, 
and runs from the top of the machine to the ground where 
the peat is dug up, placed on the i?levator, carried to the 
top of the machine, and dropped into a revolving wheel that 
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cuts it up, separates from it all the coarse particles, bits of 
sticks, stones, etc., and throws, them to one side. The peat 
is next dropped into a box below, where water is passed in 
sufficient to bring it to the consistency of mortar. By means 
of a slide under the control of the engineer, it is next sent 
to the rear of the machine, where the conveyor, one hundred 
feet long, takes it and carries it to within two rods of the 
end; at which point the peat begins to drop through to the 
ground. to the depth of about four or five inches. When 
sufficient has passed through to cover the ground to the end 
of the conveyor — tw-o rods — the conveyor is swung round 
about two feet, and the same process gone through as fast 
as the ground under the elevator, for the distance of two 
rods in length, and two feet in width, gets covered, the ele- 
vator being moved. After the eighteen rods are covered, 
the machine is moved two rods ahead, enabling it to again 
spread a semicircular space of some thirty- two feet in width 
by eighteen rods in length. The same power which drives 
the engine moves the machine. It is estimated by Mr. 
Roberts that by tiie use of this machine from twenty lo thirty 
tons of peat can be turned out in a day." Four men are 
required to run it. 

In this process it is to be observed that the method 
requires the addition of a very considerable quantity of 
water, before the peat can be treated; whereas a great 
desideratum has ever boon to discover some process by which 
the large amount of water the i)eat already contains in its 
natural state may bo discharged. 

Hodges* process. — Mr. James Hodges, of Montreal, after 
considering the many difficulties in the way of manufacturing 
peat successfully, conceived the idea of a manufactory com- 
plete, which might be made to float about in the bog, exca- 
vating, pulping, manufacturing and spreading out the pulped 
peat to dry, until some seventy per cent, was evaporated, or 
it was fit for carriage to the store or to market. After three 
years' experience, he arrived at the conclusion that it may 
be elTected in the following manner: 

**An extensive, undrainod bog, from eight to twelve feet 
in depth — or if deeper the better — have been selected, the 
first process is to trace out at some distance from the margin, 
a contour level line of say several miles in extent. Along 
this line, a space of some nineteen feet in width must be 
cleared and the live moss or turf entirely removed; by the 
side of this a sxmce of ninety feet in width is to be cleared 
and drained to receive the pulped peat. 



STATE GEOLOGIST. 109 

•'At one end of the contour line before mentioned, a 
barge or scow, eighty feet long, sixteen feet beam and six 
feet deep, must be constructed, and launched into a hole in 
the bog dug to receive her. The barge or scow is to con- 
tain all the machinery necessary for the complete manufac- 
ture of the peat. 

' * At one end of the scow is placed a pair of large screw 
augers, eleven feet in diameter, which, being provided with 
proper shafting and gearing, are made to revolve by means 
of a steam engine placed on the rear of the vessel. These 
augers, or screw excavators, bore out the peat in precisely 
the same manner that a common auger bores itself into 
wood; and, the scow being made to move onward as the 
boring proceeds, it follows that a channel nineteen feet wide, 
of from four to six feet deep is formed, in which the scow, 
with her burden of machinery, floats, the water from the 
adjacent peat draining into and filling the canal as fast as 
it is made, the usual speed of the scow being some fifteen 
feet per hour. 

**A competent engineer should determine and lay out the 
canal level, as well as arrange its water supply, upon which 
depends in a great measure the successful working of the 
whole. 

•'The peat, when bored out or excavated by the screws, 
is delivered into the barge, and conveyed by means of an 
elevator to a hopper, into which it is tumbled. It then 
passes through macihinerj- which removes all sticks and 
roots, and, eventually destroying the fiber, niduces the peat 
to a homogeneous mass of soft pulp, like well tempered 
mortar. 

'*This pulp then pas.ses into a long spout or distributor, 
which, extending at right angles over the side of the scow, 
spreads out the pulp on the leveled moss by the side of the 
canal in a thin slab nine inches in thickness and ninety feet 
in width. " 

* 'After the slab or pulp has been deposited for a couple 
of days, or in hot weather for a shorter ])eriod, it begins to 
consolidate, and shows sym])toms of cracking. Immediate- 
ly any cracks make their ai)pt^aranco, it must be marked out 
by drawing a frame work carrying curved knives placed six 
inches apart across it. A few days men* harden the pulp 
so that by the aid of boards a man can walk on it, and mark 
it longitudinally with cuts eighteen inches apart. 

**In about a fortnight, the shrinkage of the pul))-.slab 
causes the cuts made in it to open, and the whole i)resents 
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the appearance of an immense floor covered "with bricks 
eighteen inches long by six inches wide. As soon as the 
bricks are sufticiently hard to bear handling, they are sep- 
arated and **footed;" that is, stood up on the ends, live in 
a stook, with one aoross the top, in which position they re- 
main until dry enough to be removed to the store or to the 
market. 

*'In the manufacture of peat ftiel considerable experience 
is required, and unless attention is paid to matters of detail, 
apparently of little importance, serious loss may be the re- 
sult. 

*'In forming, or uncovering Lhe canal track, nothing more 
is required than that the turf, or live moss, about six inches 
in thickness, together with the roots of all trees upon the 
surface of the bog, should be removed; and as upon all un- 
drained bogs the roots of such stunted trees as grow there 
are all on the surftice, this operation is easily accomplished. 

**In the preparation of the pulp-beds great care is 
required, and a surface should be obtained as level and 
even as possible. The roots of all trees must be removed, 
and this is more readily accomplished with the trees them- 
selves, by which means considerable labor is saved, one 
man pulling them down on one side, while another with an 
ax cuts the lateral roots at some distance from the stem, 
leaving the smaller portions behind. The long grass, 
shrubs and rank mosses are cut down with a short scythe, 
and used in filling up any irregularities in the surface. 
Drains from nine to twelve inches deep should also be cut 
and covered over with the spare turf taken from the canal 
track. The soil from the drains may also be used in level- 
ing and filling up inequalities in the pulpbed. In some 
places, where the growth of shrubs has been very rank and 
coarse, the turf upon the whole surface of the pulp-beds 
has been cut into strips and inverted; but it is better to cut 
drains, and leave the tiirf in its natural position. The soft 
pulp, when poured ui)on it in a semi fluid state, advances 
lava like, pressing down any small branches of shrubs and 
the long grasses which may be standing in the way of its 
onward progress. 

**The pulp should not be de])osited nearer than five feet 
of the canal, and upon this space may be placed any surplus 
moss or turf from the uncovering of the canal track, which 
will not only keep the pulp in place, but also form a road 
and towing path for the canal. At the reai\ or ninety feet 
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from this bank, a iouble thickness of turf is all that is neces- 
sary to complete the pulp-beds. 

*'The canal track and pulp-beds being prepared, and the 
scow with its machinery in position, nothing more is re- 
quired than to set it in motion, gi\'ing the necessary feed, 
say one and a half inches for each revolution of the screw 
excavators, which may be increased to three inches if neces- 
sary. As the screws revolve, thoy cut olf continuous slices 
of the peat, which, by the assistance of a coui^le of men, are 
delivered, through the rear of the shield the screws work in, 
into a well in the bow of the scow. These men also remove 
any large masses of extraneous material, such as ])ieces of 
wood, roots of trees, etc., which maj' work in. It is some- 
times required, when working in peat which is very full of 
roots, to have a man placed in front to remove them as they 
are brought up by the knives of the screws — roots as much 
as a man can lift being occasionally excavated. « 

•* After the peat is delivered into the well, it is carried 
by means of an elevator, and tumbled into a hopper, from 
which it passes through the stick and fiber catcher, the 
pulping and distributing trough, without any assistance 
whatever; it being only necessary to see that the stick 
catcher is kejit clear, and, occasionally, when the pulj^ is 
too dry, to turn on a pump until it is reduced to a proper 
consistency. 

'*The leveling of the pul]) should be done as evenly and 
smoothly as i)ossible. A few days' experience will enable 
any intelligent man to accomplish this; and upon its being 
w^ell done depends, in some measure, the quality of skin 
upon the peat — so essential, not only in shedding the rain 
and preventing cracking from th(» sun, but also in giving a 
permanent toughness to the bricks. 

"The crew of the scow, all told, will number six. includ- 
ing the master who keeps the knives of the screw excava- 
tors clean, and sees that all is going on right; two men at 
the screw excavators, one engine man, one man leveling the 
pulp, and one man to tend the stick-catchor and pulping- 
.spout. 

**The marking of the pulp-beds into transver.so cuts, at 
six inch intervals, is proceeded with as soon as the pulj) 
begins to set, or becomes so tough that when the incisions or 
cuts are made in it by the knives, thoy do not re-unite. The 
operation is performed by two men, one on each side of the 
pulp-bed, who by means of a rope pull a frame work of 
wood, carrying curved knives to and fro across the? bed. A 
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little practice enables them to perform the work with great 
accuracy. The longitudinal cuts, eighteen inches apart, are 
made as soon as the pulp is sufficiently hard to bear the 
weight of a man upon a plank laid on its surface. It is per- 
formed by pushing a circular plate of iron, which, cutting 
like a circular saw, severs the peat to the very bottom. In 
making these last cuts, c:are should bo taken that they go 
quite through the peat, so that surface water from rain may 
freely pass off through the drains in the pulp-beds into the 
canal. 

**Upon the state of the weather depends the time when 
the next operation should be performed; but if the pulp-slab, 
when first spread out, is not more than nine inches in thick 
ness, which it should never (3xceod, then a fortnight will be 
ample time to harden the bricks for footing. 

••The footing is done by gangs of men and boys, one 
man and three boys working together; the man, using a 
suitable tool, separates the bricks, which the boys foot, or 
place in groups or stooks of live; four stand on their ends 
inclining to each other, with their tops touching, the fifth 
being balanced horizontally upon them. A man and three 
boys will foot four thousand bricks in a day. 

••After the bricks have been exposed to the weather for a 
few days, they should be refooted or turned, two boys hand- 
ling four thousand as a day's work. 

••Nothing now remains to be done but to wheel the bricks, 
when sufficiently dry, into barges, and convey them to the 
store.'' 

Mr. Hodges plan of operation is rather extensive, not to 
say immense. y(»t wherever the necessary area and supply of 
peat can be found, there can be no doubt but his method 
would i)rove as protitabln as any other, and perhaps more 
so. It has been put into successful operaticm in Canada, and 
has furnished a fuel that, u.sj'd on the (irand Trunk railway, 
produced the most promisin<r results. 

Elshertfs prorctis- This was invented by Dr. Louis Els- 
berg, of New York city, in l^'t)!. and his experinienta.1 
machinery was lirected at Hellevilie, N. .1. It Is based on 
the principle of the Hjfcr /i/'OfCN.s, an invention made in 
Bavaria, in isr>(). In the latter niothod th«? bog is laid dry 
by drains, and the bushes and irrass turf removed down to 
good peat. A gang of thr«M» [ilows is then ])ropeiled by a 
portable steam engine over th«! surface tearing up the i)eat 
to the depth of ai)out an inch. It is then i>ulverized where 
it lies by a harrow, drawn l)y oxen. After several tui*nings 
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by an instrument like our cultivator, in order to expose it to 
the air and sun, it is gathered by scrapers and loaded in 
wagons, and conveyed to the press or magazine, where it is 
further pulverized by passing it throus^h a series of toothed 
rollers. It then enters a very complicated drying oven, 
where by a series of spiral rollers it is moved over successive 
shelves or floors, the interior of the oven being heated partly 
by steam and partly by hot air. The floors consist of st^am- 
chambers, made of iron, and the hot air made to circulate 
over the peat at a temperature of ISO"* to 140 Pah. The 
tine peat is thence conveyed to the press which forms it into 
bricks of suitable size for locomotives. It has a specific 
gravity of 1.14, and forms an excellent fuel. One cubic 
loot of this pressed peat weighs 72 pounds. The process of 
Elsberg varies from this in having a cylindrical pug-mill in 
which the peat, air dried as in Exter's process, is further 
brokon, and at the same time subjected to a current of steam 
admitted through a pipe and jacket surrounding the cylinder. 
The steam peat is then condensed by presses similar to 
those of the Exter method, fed directlv from the mill. In 
this way the complicated drying-oven of Exter is dispensed 
with. Samples of ])eat prepared by this method have, 
according to Prof. Johnson, a specific gravity of 1.2 to 1.8. 

LeavitTs proccsff. — Mr. T. H. Leavitt, of Boston, Mass., in 
lSt55, invented the following machinery and method of manu- 
facturing peat: **The machinery consists of a strong tank or 
cistern, three feet in diameter, and six feet high, supported 
upon a stout framework about four feet above the floor of a 
suitable building, which should be near the bog, and is best 
constructed on a side-hill so that easy access can be had to 
the lower story on one side from the base of the hill, and to 
Xhe second story on the other side. The top of this tank is 
< >pen, and even with the floor of the second story. Within 
Xho tank, and firmly fixed to its sides, are numerous projec- 
tions of a variety of forms, adapted to the treatment of the 
material in its several stages as it progress(»s through the 
mill, which is divided into three apartments; through the 
center of the tank revolves an upright shaft to which are 
aftixed knives and arms varying in form and structure 
to correspond with the stationary projections in each apart- 
ment; below the tank is a receiver, or hop])er: and under 
this is a moulding or forming machint*. two feet in width 
and twelve feet long, of like simple construction, which 
receives the condensed material from the hopper and deliv 
ers it in blocks of any desired form and size. The whole 
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is adapted to be driven by a small steam engine and requires 
about six and ten horse- power respectively for the two sizes 
of machines as at present constructed, of the capacity of 
fifty and one hundred tons each of crude peat, per day of 
ten hours. 

**The crude material is brought from the bog in ordinary 
horse-carts, or on small cars running over a cheaply con- 
structed tram-way, to the mouth of the mill, in the floor of 
the second story of the building, where it is dumped or 
shoveled into the mill in any convenient quantity; but the 
arrangement is such that only a given amount is admitted, 
and under treatment at one time, so that all parts have a 
uniform and regular supply. The treatment is such that the 
original organization of the peat is entirely destroyed; in 
the second stage, the air, of which a large amount is con- 
tained in its ceils, is ejected; a<lvantage is taken of some of 
the natural properties of the material, and the mass is con- 
densed in the moist state in the lower part of the mill, from 
whence it is delivered into the hopper of the moulding 
machine, and is discharged in a continuous line of moulds 
(which are fed into the roar parr of the machine by a boy), 
at the rate of fifty to one hundred tons per day of ten hours. 
The work of removing the blocks to the spreading ground 
is easily accomplished; and they are exi)osed in the open air 
for drying, in much the same manner as bricks are exposed 
in a brick-yard. 

**Tho amount of water contained in well drained peat is 
ordinarily from ih) to 75 per cent., varying according to the 
character of the material and the drainage of the meadow; 
so that the weight of dry, hard fuel from the product of a 
day's operations, is irom 12 to 17 Urns, or 25 to 35 tons, 
from the two sizes of machines rospectively. 

'*The water remaining in the blocks as they come from 
the mill can be got rid of only by evaporation, which goes 
on very rapidly after this method of treatment; and the 
fuel is, at the ex]iiration of about six to ten days, sometimes 
in four or five, in condition to be housed or transported to 
market." 

71ic R(ic pi'occ'ts. — This invention, patented May 22, 
18(3(), was made by Dr. Julio H. Ra<>, of Syracuse. N. Y. 
It is thus described in a circular issued by the owners: 
'*The ])eat is delivered into a top of a cylinder placed in 
a vertical position, in which is a revolving shaft, to which 
are permanently fastened, near its top, two or more arms, 
which are set at an angle with the axis of the shaft, their 
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office being to draw down the peat from the top of the cylin- 
der and feed it along into that part of the cylinder where it 
will be subjected to the action of the revolving knives or 
cutters, which are found on the under side of the blades 
projecting from the shaft, and placed at an angle with the 
axis of the shaft. The number of blades can be vaiied, and 
also the number of cutters on the blades. In a cylinder of 
about four feet in length about seven such blades can be 
used advantageously. They are arranged around the shaft 
in spiral order, and are so inclined that the front edge of 
each blade is higher than the rear edge, whereby they are 
made to give a downward impulse to the peat as they re- 
volve. Below the lowest blade is a propeller, consisting of 
a series of blades, each bent so as to form a section of a 
screw, but the blades are fastened to the shaft in the same 
plane. The office of tlie propeller is to seize the peat and 
press it downward through an opening in tlie bottom of the 
cylinder into a chamber, wherein are placed conveyors that 
convey and force the peat into condensing and discharging 
tubes that project through the sides of the chamber. The 
condensing tubes and the conveyors are i)laced in a horizon- 
tal position, the ends of the conveyors reaching a little w^ay 
within the tubes, but they can be arranged in any other de- 
sired position. The inner ends of the tubes are cylindrical 
and the tubes gradually decrease in diameter for about one- 
half their length, so as to resembles the frustum of a cone. 
Prom or near the point of their greatest contraction, the 
tubes assume ii shape nearly semi -cylindrical, retaining that 
shape to their outer ends, and gradually increasing again in 
diameter. The rounded upper side of the tubes at their dis- 
charge end. gives a corresponding rounded form to the peat 
t:hat is forced through them, but any other form may be 
adopted. The peat is received from the ends of the discharg- 
ing tubes on the ground or upon a traveling belt or platfonri, 
and may be cut up immediately into proper lengths, conven- 
ient to be handled in drying. 

*' There are four sizes of these machines, viz. : 
*'No. 1, requiring about one horsepower, designed for 
farmers, is capable of turning out per day what, when 
properly dried, will make from four to six tons of merchant- 
able fuel. 

*"No. 2 is double the cai^acity of No. 1. requirii;g about two 
horse i>ower. 

**No. 3 is a combination of Nos. 1 and -. nearly double 
their capacity, requiring from four to six horse power. 
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**No. 4 is more than double the capacity of No. 3, requiring 
from ei^ht to twelve horse power, and capable of turning 
out per day enough peat to make, when cured, forty tons of 
merchantable fuel." 

These machines were run, a few years ago, by the Minne- 
sota peat compcnifj, of St. Paul, and the Minnesota packet com- 
pany. In simplicity of construction, and in power and 
capacity, these mills seem to excel. They also have a very 
great advantage over Leavitt\s and all others employing 
moulds for giving shape to the condensed peat. The use of 
the moulds is cumbersome and expensive. 

The Auhin process. — This method was inaugurated at 
Meriden, Conn., in 1870. It covers different patents, 
designed for economizing labor, obtained in 1868 and 1869. 
The following description is from the circular issued by the 
agent in New York, in 1870: '*If the manufacture of 
the fuel is to be carried on upon a limited scale, of say five 
tons, or thirty to fifty tons per day, hand labor, with the 
ordinary long-handlocl shovel, is probably the simplest and 
cheapest way to get the peat np from the deposit: it is then 
thrown into wheelbarrows, and if the distance is not too 
great, can be dumped directly into the mouth of the eleva- 
tor. When peat to be dug is at a sufficient distance from 
the machine to justify or necessitate the use of cars, then a 
set of double portable rails can be employed. When the 
swamp cannot possibly be drained, the use of scows or wire 
tramways may be resortcjd to. For large operations, to 
sup])ly railroads or manufacturing districts, a steam digger, 
on a scow, or on tracks, will bo, of course, cheaper than 
hand labor. 

'•The peat, once dug and conveyed from the pit, falls 
into a largo hopper, from which a screw elevator, especially 
devised for peat, i)ropels it up to the slicing and cleaning 
apparatus, ])lacod above the* <rrinding and puddling cylinder. 
When the bog cannot l)e drained, the i)eat taken from it 
contains, of crourso, too large a proportion of water for thor- 
ough and economical working; in such case the elevator is 
furnished with a wriiKjrr, which can bo operated or not, at 
will, and arranged to separate the surplus water as the mate- 
rial passes through it. The peat, in a fit condition to work 
up well, being elevated in a continuous and evenly-fed sup- 
ply, falls into the filicr,r and clrtnu'r. This portion of the 
ap])aratus is composed of a series of rapidly revolving cut- 
ters, which owing to their jjoculiar form and position, slice 
the peat and s(iparate from it all hai'd or foreign substances. 
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Prom the slicer and cleaner the peat, still better fitted for 
grinding, falls into the grinding and pulverizing machine. 
This is a cylinder three feet in diameter by six feet long, and 
made of boiler-plate iron. The cylinder itself is stationary, 
but within is a large revolving iron drum, eighteen inches 
in diameter. To this are bolted in two spiral rows, forty- 
four cast iron knives, all nine inches long, but of three slight- 
ly varying shapes, and three sizes, increasing toward the 
mouth of the cylinder. These knives are named, according 
to size, cutters^ (frinders and puddlers, and remind one very 
much of the three kinds of teeth, incisors, canines and molars. 
They are between one and three inches in thickness and 
have each several square corners, but no sharp edges. At- 
tached to the inside of the cylinder, under the drum, is a 
corresponding fixed series of twenty-two nearly crescent- 
shaped iron knives. Between these and the revolving knives 
the peat is carried along, cut, ground and perfectly **pulped," 
and falls, finally, into a sluggish stream, through a spout a 
foot or more square, into a large wooden moulding hopper. 
Along one side of the cylinder is the **stone pocket," a long, 
spacious iron trough, placed horizontally. It has an exterior 
cover for removing its contents, and communicates with the 
interior of the cylinder, to which it is attached in such a 
position that the revolving knives necessarily throw any 
stone or other hard substance into the pocket, instead of 
crushing it against the fixed knives. This contrivance is 
simple and effective. Under the moulding hopper is a series 
of rollers set in a long, stout frame, about four feet high 
£ind three feet wide, called the conveyor. One man puts a 
£»hallow wooden box or mould into a trough of water. An- 
other submerges and removes it and lays it on a little 
>>ranch of the conveyor. Here a wooden j)ni<lur strikes it a 
"blow and sends it on the main conveyor; another drives it 
into the narrow space under the moulding hopper, where 
the weight of the peat and the hopper's peculiar shape fill 
it, before another blow" from the same pusher forces a second 
mould under the hopper and expels the first. Other moulds 
rapidly follow% moving the first slowly along till a third 
pusher thrusts it upon a little side-shelf, from which two 
men easily set it down with eleven of its fellows, in three 
piles of four each, upon a wooden four wheeled car. 

*'The drying field is a large, smooth meadow, crossed by 
two main tracks, running 1,500 feet in a straight line from 
the machine, and intersected at right angles by cross-tracks, 
150 feet apart, and running 800 feet each way from the 
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main tracks, with turn-tables at the junctions. These tracks 
are three feet wide, and laid with iron rails near the machine, 
and wooden rails where the wear is less. There is a short 
switch-track, built so that three cars, instead of two, can be 
run up to the conveyor at once, though only one can be 
loaded at a time. 

'*The pulverized peat is so tenaciously adhesive that the 
moulds used are of a novel construction, to meet this diflS- 
culty. They are four and a half feet long by two feet wide, 
and live inches deep. The corners are secured with iron 
clamps, and an extra strip is nailed at each end to serve as 
a handle. The bottom is removable, and across it are fast- 
ened, at equal distances, ten pine strips, about two and a 
half inches high and an inch wide at the base, but beveled 
off on each side to one- third that thickness at the top. These 
moulds cost about ^i.50 each, and about 500 of them are in 
use. 

••Each car is propelled by two men. Pour men unload 
it. Two seize a mould, one at each end, walk briskly 
away with it to the i)lace where it is to bo dumped, tip it 
wrong side up, jerk off the side frame, and drop it on the 
grass, pick the bottom olf the sticky mass of "pulp,"' toss 
it into the frame, catch up the empty mould again, and trot 
back to the car. This process is repeated with the other 
moulds. When first emptied, the wet, black peat is just 
dense enough to keep its shape; but in the warm season it 
hardens so fast that within forty- eight hours it will resist 
the severest storm, and then resume the drying process when 
the weather clears, at the point where the rain interrupted 
it. Strange as it may seem, this peat fuel absorbs much 
less water than wood does, and hence can be dried on the 
bare earth, under the open sky. It does not even adhere 
to the grass, which, however, is soon worn away. 

'•As it dries the peat shrinks to about half its first thick 
ness, changes color from black to brown, and cracks along 
the grooves, so that when it is half dry, boys can easily 
•hac'k' it--/. (\, break each mould into about twenty 
pieces, aud pile it in two or three small, loose heaps... In 
two weeks or a month, according to the weather, the peat 
is dry enough to be gath(»red by men or boys, in baskets, 
barrows or carts, and stored in covered wooden sheds, with 
wide cracks between the sidt^boards to admit air, and the 
ends left oj^en. 

**The capacity of the three foot cylinder per day, at thirty 
revolutions regularly fed, is seventy-tive tons of dry fuel. 
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Whatever be the number of revolutions, the moulding 
machine adapts itself to the demand. 

"The cost of machinery, including engine^ hoilct's, and 
entire equipment, is dependent on the amount of fuel it is 
required to bo produced by the operator; being for small 
works, intended for horse power — say five tons per day — 
about *200; for a product of i*50 tons per day. about §20.000 
— an engine of eighty horse power being required to drive 
the latter." 

HaitjhVs process. — This is the invention of Mr. W. Z. 
Haight, of Delavan. Faribault county, Minnesota. It has 
been successfully operatod at Fairmont in Martin county, 
and at Wells, in Faribault county. At the latter place it 
was taken for locomotives by the Southern Minnesota rail 
road. Tlie works at this place have been thus described by 
the Wells Aflas: 

*• A bold bank is selected, in order to secure a good dry- 
ing yard close to the bog, on which tho engine and machinery 
is located, where a frame is erected 12x10 feet and eight feet 
high, from the top of which a wooden car track, supported 
by a light trestle-work, descends to the surface of the bog. 
a distance of 150 feet, with a fall of 2;") feet. From that 
point the track is miule in sections of 14 feet each, which are 
portable, thrown down on the surface of the bog, and with 
the use of a few curved sections, the track can be shifted in 
any direction so as to <?xcavate the entire bog that is in reach. 
This track can be extended many hundred feet out across 
the surface of the bog, if desired, giving access to several 
acres. On this track one car plies, which is loaded by three 
men who stand by the edge of the excavation, (water being 
lowered about six inches from the surface to insure dry feet). 
The .sod is cut up into chunks, with sharp, diamond pointed, 
spade like tools, from two to four feet deep, according to 
depth of the i)eat. and left submerged in the water until the 
car is at the proper placre, when the chunks are pitched from 
the water into the car, with common four-tined forks, and 
when the regular amount, about two tons, is loaded into the 
car, it is hauled by the power of the engine up the incline, 
over the large platform under which the mill is situated, and 
by a simple contrivance the car is made to dump its load, 
also to unship the windlass from the power that hauled it 
up, being no trouble to the feeder, who at will starts the car 
back, which, in going down the inclined plane gains momen- 
tum that carries it out hundreds of feet along the level track. 
Meanwhile the men in the bog do the necessarv work, cut- 
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ting chunks for another load, so there is no time lost in 
the absence of the car. The feeder, who stands on the plat- 
form, then feeds the turfy mass into the mill, which is an 
ingeniously constructed machine, though simple, very dura- 
ble, so arranged with knives cutting through grates, pickers, 
conveyors, etc., that it will treat the most fibrous mass or 
sod peat that can be produced and reduce it to a pulp or 
jelly at once, and that too without clogging or winding in 
the machine. Owing to its perfectness it renders it unne- 
cessary to strip off the top sod from the bog, all that is 
necessary being to mow off the grass or other vegetation, if 
there is any growing thereon, thereby saving considerable 
expense in labor, also a good part of the fuel, when ground 
up with the lower or more decomposed peat. By the convey- 
ers, the peat, as fast as pulped, is forced through a pipe 
into a vat with dump bottom, which holds one cart load. 
Here the cartman receives it by driving his cart under and 
dumping a load into it from the vat, adjusts the vat botton, 
drives to the spreading ground, dumps his load from the 
cart and returns, during which time another load has accu- 
mulated in the vat. The pulp is dumped on a smooth plat 
of ground, where a man with a common shovel spreads it 
into beds four inches thick, nine feet wide, and as long as 
necessary, setting up boards at the sides to keep it from 
spreading, who is followed by another man with a tool sim- 
ilar to a rolling colter for a plow, fixed on a long handle, 
who cuts the bed of soft j)eat into blocks 8x13 inches, which 
commence to solidify at onco by the ejection of the water, 
and in one or two days, by the use of a light tool made ex- 
pressly for the purpose, these* blocks arc tipped up on edge 
or corners promiscuously, so the sun and wind can have a 
better chance at them. In two days more they are piled in 
open ricks, in which ])osture thoy remain on an average, 
two weeks, when they are housed to finish drying. 

**The cost, the past season, of running this establishment, 
at a capacity of 60 tons of wot or 15 tons of dry peat per day, 
(equal at least, when properly prepared and well seasoned, 
to 15 cords of good wood,) is as follows: 

Superintendent 82 50 

Enjfineer per day 2 75 

Three nn^n in bo>^ to load car 6 00 

Man to spread pulp(^d peat into beds I 50 

Boy to turn up blocks 1 00 

Two boys to rick up blocks 2 00 

Man to feed peat into mill J 50 

Bov to drive cart 1 00 
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Man Ui cut peat ioto blocks 1 5() 

Cart horse 1 0* 

One ton peat at cost price for en^fln»* 1 72 

F«»r oil, and wear and tear on online 1 00 

Add 22 cts. per ton for housing 15 tons, one day's product 3 30 

Total $26 77 

••All the peat is being sold at 8i.OO a ton, except that to 
the Railroad Co., ac which price the yield per day would be 
^)0.00. Subtrac;t from that the amount of expenses, 6-6.77, 
leaves $33. 23 — a handsome profit. The price of peat per 
ton should be estimated equal to that of good wood per cord, 
sawed and split for stove fuel, and unsawed for steam 
powers. 

"The cost of an establishment, excepting engine and dry- 
ing sheds, capable of manufacturing 100 tons of wet peat, or 
25 tons when dry. per day, — mill §100. Frame, trestle-work, 
car track, car, dump cart, etc., about $300. 

**This is the cheapest mode of utilizing the peat, both as 
to the matter of machinery and labor, that we have any ac- 
count of, and as it has been practically proven a success at 
this place, we see no reason, if the same plan be followed, 
why it should not be equally successful elsewhere.*' 

It must be admitted, however, that although great pro- 
gress has been made in this country in the construction of 
machinery for the manufacture of peat, a great deal of labor 
and capital have been consumed to no purpose. Many of 
the companies that, with hundreds of thousands of capital 
each, sprang into existence a few years ago when a feverish 
excitement spread over the country in reference to peat, 
have entirely disappeared, and nothing remains to witness 
their folly but the idle and rusty machinery they * 'invented" 
or purchased, and the almost forgotten titles to thousands 
of bogs, which they eagerly bought. This phase of the peat 
enterprise is not, however, the just criterion by which 
to judge of it. It is only an index of a deep seated want. 
The unmatured developments of the first peat agitators in 
this country were enough to start into a fiame the desire of 
the people for relief from the high prices of wood and coal. 
The result was a wide- spread speculation. From this there 
has been a corresponding reaction. This however does not 
in the least affect the real value of peat as a fuel, nor detract 
from the credit of the inventions that have been made. 
Sober-minded men. consumers of large quantities of fuel, 
have in some instances, and in various parts of the country, 
steadily and persistently followed up tlie matter. Here and 
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there a railroad, an iron-furnace, a manufacturing establish- 
ment or a family has continued to produce and use peat fuel 
until it has won much of its lost favor, and is now in actual 
demand by consumers of the heaviest class, who are ready 
to purchase largely and at highly renumerative prices. This 
demand however is one that will not be met by anything less 
than a constant and steady supply, equal to its requirements. 
It calls for the best machinery, equipped with the best 
facilities and aids, and backed by large capital. The follow- 
ing extract is from a letter to the writer from T. H. Leavitt, 
of Boston, dated Dec. J3, 1873: 

**The most active and really practical operations in peat 
and its utilization of which I have present knowledge are in 
the lake Superior iron regions of Michigan. 

** In October last I made a trip there and at Ishpeming. 
near Marquette, witnessed the successful use of peat fuel 
for the smelting of the ores of that region. Operations 
more or less experimental have been quietly prosecute 
there during the last four years. A furnace of moderate 
capacity, especially adapted for smelting with peat, has 
recently been constructed and was put in operation about 
ten days before I was there, and was then in most perfect 
operation, and was considered a decided success as regards 
economy, ease of management, quality and quantity of metal 
produced, &c. 

•'The fuel was very poorly made, (lacking the density 
which might easily be given it, weighing 35 lbs. per bushel, 
whereas it might probably be made to weigh 40, 45 to 50 lbs. 
at no greator cost,) and in many things they lacked exper- 
ience, but all appeared enthusiastic of their success. They 
commenced with charcoal and ten per cent, peat, gradually 
increasing until at the time I was there they were using up- 
wards of 70 per cent, of peat, and were only waiting per- 
mission from the agent to use all peat, which the furnace 
men assured me thoy were convinced would be not only suc- 
cessfully done, but be actually better than to use any mixture 
of charcoal. The metal produ(jed was regarded as fully equal 
in quality and perhaps superior to the very best grade ever 
])roduced in that region. 

** Considering the immense (luantities of peat in that re- 
gion and the success attained with a fuel so i^oorly manufac- 
tured, I can but feel that for that region and its iron inter- 
ests the peat fuel enterprise has yet a prominent and very 
important x)lace to fill. 
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'•The cost of producing the fuel there is stated to be *3 
per ton.*' 

( h) The value of peai for fueh 

It is not intended here to attempt the details of experi- 
ments and comparisons with the view of demonstrating the 
usefulness of peat as a fuel for domestic and metallurgical 
purx>oses. That has already been abundantly attested by 
the approval of railroad engineers, who have used it, and are 
still using it, both in this country and in Europe, and of 
owners of furnaces and manufacturing establishments, as 
well as by the testimony of chemists and government com- 
missioners that have reported on its working, in France, in 
Germany and in America. The following tabulated com- 
parisons are given for the purpose of placing within reach 
of those within the state interested in this subject reliable 
means of estimating the cost of peat, and its heating capa- 
city, compared w^ith other kinds of fuel. These are the 
results of careful and long continued experimentation: 

( 1 ) M \*i(jht for freight. 

The following comparisons are given by Gysser, on 
certain woods and charcoals in Germany, the basis being 
equal weights of each.* 

beech wood, split, air-drie<l 1.00 

Peat, condensed by Weber and Gysser's method, air-dried 

with 25 per cent, of moisture 1 .00 

Peat, condensed by W»tber and Oysser's method, hot-dried, 

with ten percent, moisture 1.48 

Peat charcoal, from condensed peat 1 . 73 

The same peat, simply cut and air-dried «0 

Beech charcoal l.9o 

Summer-oak wood » 1.38 

Birch wood 95 

White pine wood 72 

Alder 6.5 

Linden .; 65 

Red pine 61 

Poplar 50 

*'The general results of the invostigations hitherto made 
on all the common kinds of fuel, are given in the subjoined 
statement. The comparisons arc madt? in units of heat, and 
refer to equal weights of the materials experimented with." 
\Peat and its uses. p. 102.] 

*Sei' Pn>f. JoliDsou's "I'eut hikI it>« u >♦■».' p. 1i7, 
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Air-dry wood 2,800 

Air-dry peat 2,500 3.000 

Perfectly dry wood 3,600 

Perfectly dry peat 3,000 4,000 

Air-dry lignite, or brown coal 3,300 4,200 

Perfectly dry lignite, or brown coal 4.000 5,000 

Bituminous coal 3,800 7,000 

Anthracite coal 7,500 

Wood charcoal 6,300 7,500 

Coke , . . . . 6,500 7,600 

(2) Bulk for bulk. 

One of the greatest obstacles to the general use of peal 
for fuel consists in its bulkiness. Uncondensed peat, air- 
dried, will occupy two and a half times the amount of 
storage room that anthracite coal will, the weights being* 
equal. As it is also of lower heating capacity, requiring 
two and a quarter tons of peat to equal one of anthracite, 
the bulk required for the peat would be equal to five and 
five-eighths times that of coal. By condensation peat is 
greatly improved in heating capacity and in convenience 
in handling. Johnson gives the following as the compo- 
sition and density of the best condensed jDcat, compared 
with that of hard wood and anthracite. 

Oxyjren and Speclflt* 

In 100 parts. Carbou. IIydrojr«Mi. nitrogen. Ash. Water. gravity. 

Wood 39.6 4.S 34.8 0.8 20.0 0.75 

Condensed peat. . 47.2 4.9 22.9 5.0 20.0 1.20 

Anthracite 01.3 2.9 2.« 3.0 .... 1.40 

The heating power of peat, of the different qualities, 
taken from different depths, compared with pine wood, are 
thus given by Prof, .lohnson, after Karmarsch, equal bulks 
being taken instead of ecjual weights: 

10i)cii. ft. of turfy peat, on the awraiu:o,=- 33 ou. f t.f)f pine wood in sticks. 
Hhnius •• '• - 90 '* ** ** 

earthv •' " =145 " " ** 

'• pitchy •' •' --1<4 '* '* ** 

The following also shows the relative heating effect and 
weights of an P^nglish cord of oak wood (taken at 100 as 
the standard) and of several European air-dried peats, bulk 
for bulk, quoted from Brix by Prof. Johnson: 

Wi'iiilit i)»»r cord. Heating eft'eci . 

Oak wotxl 4.1C0 1bs. 100. 

Peat from Liriuni, 1st 'lUJility, (l«'nst' and pitchy 3,4(X) *' 70. 

•' 2nd (luality. tibnms *. 2.1K)0 " 55. 

'• 3rd i|uality. turfy 2,270 " 53. 

Peat from Butrh'^onfoUl, 1st quaHtv. hard and 

pitrhy - 3.400 *• 74. 

Peat frtnn Huech<onf.'id. 2d qualitv 2.730 ** «4. 
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(i) What h(is /wen done in pent, 

A few years a<ro the fjuostioii of manufacturing peat was 
put to a practical test by the 3finnesof(i prcif conijtfint/, lo- 
cated at St. Paul. 'i'ho Rae machinery was used. The 
work was continued lonj^ enougli to show that it was not 
l)rofitable at the current prices of wood, and was suspended. 
A similar attempt was made at Rod Wing, about the same 
time, and with the same result. The process used there is 
not known. In southern Minnesota Mr. W. Z. Haight has 
prosecuted the manufacture more successfully, and is now 
engaged in erecting the necessary buildings and apparatus 
for working peat by his process the coming season, at Lura 
station, in Faribault county. He produced, at a cost of 
two dollars per ton, a good fuel at Wells, in the summer of 
1871, with his machinery, which was well suited for use in 
locomotives. The stoppage of his work there was not due 
to a failure to produce a good fuel, nor to its being too 
costly, but, he says, to a lack of demand sufficiently large to 
warrant extensive operations. His method is described in a 
preceding section. Except the preparation of small amounts 
in St. Paul, byT)r. C. D. Williams, for experimentation, the 
foregoing ar(» believed to be the only attempts that have 
ever been made in the stat« of Minnesota, to produce from 
the peat deposits of the stato a fuel for general consumption 
by any process of manufacture. 

( j ) Hdtr or iminufdclnreA jxfaf. 

Some experiments have been made by Dr. C. D. Williams 
on a fuel made by a saturation of turf-])eat with the resid- 
uum, or ''shale oil," that is a product of the i)etroleum 
refineries of Pennsylvania. These trials demonstrate that 
a good fuel may thus b(» formed. The combustible material 
in the turf itself is not so much as in true peat. The anal- 
yses of Prof. Peckham show the greater ])er cent, of ash in 
excess of that of peat. This shale oil has a carbonaceous 
composition, not yet certainly a.scertained, consisting very 
largely of carbon and hydrogen, botli of which are combus- 
tible. The adding of the shah? oil to the turf not only 
increases by so much the combustible material in a given 
bulk, but improves the quality of the fuel. By this means 
some of the poor peats may b(; made serviceable, at a 
cheaper rate, perhaps, than by the proc(?ss of manufjicture. 
The following facts in reference to the cost of this .^hale oil 
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delivered at Worthington. in Nobles county, are on the 
authority of Dr. Williams. The residuum can be had for 
removing it from the vats: 

Cost of barrel cont.iluin); 4.'{ to 45 jfallons SI 50 

Cost of lilliDjif and drayaj<e to cars, per barrel 50 

Charges Pittsbur^fh, Fort Wayne & Chicago R. R. t j Chicago .... 1 00 

Charges West Wisconsin U. R. to St. Paul 1 00 

Charges St. Paul & Sioux City R. R. to Worthington 1 00 

Add for profits to d«'aler 1 00 

Cost at Worthington per barrel $6 00 

(k) Prarfical conrlumous on ftetif. 

1. Tliero is not so much real peat in the state of Minne- 
sota as has boon sup]>osed. There is a groat abundance of 
turf, made up of grass roots, containing a large per cent, of 
ash, not properly called peat, that will furnish, in any exi- 
gency, a fuel that will keep a family from suffering. This, 
however, is not thought the object of the survey to investi- 
gate, nor to locate, as it exists, as is often stated in the pub- 
lic press, on almost every scjuare mile. 

2. While a good fu(»l, almost equal to the Iowa coal, can 
be produced by the manufa(!ture of peat by a process of con- 
densation and evaporation, it is far from certain that it will 
not cost as much, or more than wood or coal at the present 
prices. 

fi. It* in any part of the northwest peat can be made u.se- 
ful as a fuel by manufacture. It is the woodless and coalless 
region of southc'rii and wt^st«'ni Minnesota. 

4. Cautious experimentation should be carried on by 
those inU'r(»sto(l in tho subject, with the view to test the 
comparative cost of peat, wood and coal, at the prices cur- 
rent in different hx^alitii^s. 

T). The faruK.'rs, and others wlio need fuel, but do not 
have means to pnxluce a coudenscMl ])eat, can take out in 
mid-summer a winter's su])ply, from th<» turf peat found on 
many farms in th*? praivi«» region, but th(\y will generally not 
find it possible to utilize the rutil jK^at deposits without some 
method of manufacluri'. They will be too apt to crumble, 
and thu?> make a ^.low. smoldering tin'. 

0. There is no known instance of the existence of peat, in 
Minn(!Sota along river valh'vs. o»i th(» bottom lands, where 
the surface is subject, at the prc-^enl lim<', to inundation by 
spring freshet >>. 

7. There are t)ld rivei* eliarin«»U. or valleys of excavation. 
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both in the drift and between rocky bluffs, that no lonjE^er 
exist as rivers, which contain considerable deposits of peat. 

8. There are depressions in the rolling drift surface, in 
some localities, which, fed by invisible springs, maintain a 
nearly uniform stage of "wat^jr throughout the year, and 
may hold peat of the best quality. 

9. But a small portion of the state has boon examined. 
In that a much smaller amount of peat was found than had 
been anticipated. Other portions, and especially the cen- 
tral southern counties, are believed to promise more peat 
than the counties examined. According to Dr. C. A. White, 
state geologist of Iowa, a peat bearing belt enters Minne- 
sota fi-om the south, bounded, in general, by the Des Moines 
on the west, and the Cedar on the east. 

10. Large quantities of peat are believed to exist in the 
northern part of the state, many of the (rranberry marshes 
being peat bogs of great i)urity. 

11. The value of peat as a common fuel having been 
demonstrated, and its existence in sufficient quantities within 
the state having been ascertained, it becomes a legitimate 
expedient for the State to stimulate the invention of success- 
ful methods of utilizing it by olToring Howards. 



in. 

THEGEOLOGVOl THE MINN KSOTA 

VALLEY. 



(a') PUELIMINAUV CONSIDEIiATIONS. 

In the fall and wint(»i- of ITOt) Jonathan Carver explored 
the valley of the Minnesota, but asidu from tlie mention of 
the rapids near Shakopei*, lie has given no information of 
the geology of the valley, although he claims to have ascend- 
ed it a distance of two hundred miles above Mendola. 

The expedition of Maj. S. II. Long was undertaken in 
1823, by order of John C. ('allioun. secretary of war. The 
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able historiographer to the exi)edition was Wm. H. Keating, 
who also served as geologist. He was appointed from the 
University of Pennsylvania, where he occupied the chair 
of mineralogy and chemistry. This party ascended in 
canoes a distance of 130 miles, when they abandoned them 
for the land, following the valley to Big Stone lake, thence 
descending the Red River valley to lake Winnipeg. The 
observations of Prof. Keating on the geology of the Minne- 
sota valley, are the earliest, with the exception of the 
doubtful accounts of Le Sueur, of the copper mines on the 
Blue Earth, that we have any knowledge of, although an 
old map accomj^anying the liecueill dc voyages, published 
in Amsterdam in 1720, shows a ••coal mine" located some 
distance uj) the Minnesota. They were made with that 
haste which a traveling geologist always finds unavoidable 
when he is acting simx)ly as an accompaniment to an expe- 
dition, instead of its guide and commander. No time could 
be spared to indulge the geologist in making such detailed 
observations as would enable him to state emphatically the 
bearings of isolated facts, which he picked up, on each 
other, or to generalize with any certainty. He could simply 
act as a gatherer of facts. His success lay in the exactness 
and fullness of his observations. Prof. Keating's geological 
observations may be summarized in the following descendin 
section : 



or 

o 



1. Tho bin IT ai Fort Snellirijjr, niado up of (a) slaty or splintery linie- 

stono, 8 feet: (b) blue limestone, useful for building, 15-20 feet: 
((•) sandstone, (50 feet: (d) eartby ar|iillaceous Irmestone 10 feet; 
(d) crystalline and con^'lomeritic limestone, 4 feet; (e) a lime- 
stone of finer grain and more earthy texture than the last in 
which the river is excavated at the fort. Keating is the only 
geologist that has ever reported limestone in situ below the sand- 
stone (c) at Fort Snelling. Six miles below the small Indian vil- 
lage Weakaote, he notes the occurrence of the Little Rapids, 
caused by a sandstone in horizontal stratillcation **in every respect 
similar to that found at Fort St. Anthony.'' The same sandst^me 
is again mentioned as occurring near Kasota, having horizontal 
ledges of rock overlying it, supposed to be the same as seen at 
Fort Snelling. The* banks of the lledwood river, near its mouth, 
are said to be made up of **a Ihu? white sandstone." 

2. ''Primitive rcK'.k" was tlrstseen in situ^ several miles above Patter- 

son's rapids, which are a few miles above the mouth of the Red- 
wood river, and was examined very carefully and described in de- 
tail. He remarks in general : "It seemed as if four simple mine- 
rals, (luartz, feldspar, mica and amjjhibole.. had united here to 
produce almost all the varieties of combination which can arise 
from the association of two or more of these minerals." Owing to 
its confused and various composition, he compares it to that seen 
at a subse(iuent period of the expedition, between lake Winnipeg 
and the lake of the Woods. lie regards all that section of country 
])etween Patterson's rapids and the upper Mississippi, and thence 
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to Fort Alexander, at the month of Winnipo^^ river, as underlain 
by (rranite and sienitic Kranito. These rocks are again mentioned 
at a point live leagues abovii Lac qui Parle, at the mouth of Spirit 
Mountain creek. 

In the fall of 1835, G. W. Featherstoiihaugh's ascent of 
of the Minnesota occured. His ^eolo^jcical observations were 
very meagre. He took the ])ains to ascend the Blue Earth 
a short distance in search of the coi^per mine of Le Sueur. 
Keating did not visit it, passing it with the simple remark 
that he believed the substance obtained by Le vSueur to be 
a phosphate of iron, judging simply by its color. Mr. 
Peatherstonhaugh says: '"The Mahkatoli appears to form 
about half the volume of the St. Peter's, and is a very rajiid 
stream. The Sissitons we had met, told us it forked eleven 
times, and that the branches abounded in rapids and shal- 
low places. About twelve, we came to a fork or branch 
coming in on our right, about foity five yards broad, and 
we turned into it, having a well wooded bluff on the right 
bank about ninety feet high. The stream had very little 
current, owing to the main branch, which we had just left, 
rushing down with great velocity and making back-water 
here. We had not proceeded three-(iuartersof a mile when 
we reached the place which the Sissitons had described to 
us as being that to which the Indians resorted for their pig- 
ment. This was a bluff about 150 feet high on the left 
bank, and from the slope being very much trodden and worn 
away, I saw at once that it was a locality which for some 
purpose or other had been frequented from a very remote 
period. We accordingly stopped there, and I told the men 
to make a fire and warm themselves, whilst I examined the 
place. 

"As soon as I had reached that part of the bluff whence 
the pigment had been taken, Le Sueur's story lost all credit 
with me, for I instantly saw that it was nothing but a con- 
tinuation of the seam which divided the limestone from the 
sandstone, and which I have before spoken of at tlie My ah 
Skah,* as containing a silicate of iron of bluish-green color. 
The concurrent account of all the Indians we had spoken 
with, that this was the place the aborigines had always re- 
sorted to to procure their pigment, and th(? total silence of 
everybody since Le Sueur's visit, respecting any deposit 
of copper ore in this or any other jiart of the country, con- 
vinced me that the story of his copper mines was a fabulous 

•Myall Skah I»"whlt«! ro<'k bliilT." s»iippos«.Ml to Im- ihv. liliitT ;ii oitJiwa. in L«' Sihmii- 
county. 
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one, most probably intended to raise himself in importance 
with the French government of that day. Charlevoix hav- 
ing stated that the mine was only a league and three-quar- 
ters from the mouth of the Terre Bleu, made it certain that 
I w^as now at that locality, and the seam of colored earth 
gave the key to the rest. Le Sueur's account of the mine 
being at the foot of a mountain ten leagues long, was as idle 
as the assertion that he had obtained 30,000 pounds of cop- 
per ore in twenty- two days, for there is nothing like a 
mountain in the neighborhood. The bluff, to be sure, rises 
to the height of about 150 feet from the river; but when 
you have ascended it you find yourself at the top of a level 
prairie, so that what might to an inexperienced traveler 
appear to be a mountaincus height, is nothing but the sum- 
mit of the gorge which the river has cut out." [Cofioe 
Voifage iij) the Minnay Sotor, Vol- 1 p. 303. J 

With the exception of an occasional mention of granite 
in place, and a very brief notice of the red quartzite near the 
mouth of the Waraju river, the foregoing is the only geo- 
logical note of im])ortanco recorded by Mr. Peatherston- 
haugh on the valley of tho Minnesota. 

In the survey of Wisconsin. Iowa and Minnesota by Dr. 
D. D. Owen, the examination of this river was committ.ed to 
Dr. B. F. Shumard. Dr. Shumard and his party ascended 
the valley in canoes as far as the Redwood river, where he 
was attacked with i^leurisy, and wascom])elled to abandon the 
further prosecution of the survey. This was in June, 184R. 
His rei^ort exhibits the first attempt ever made to parallel- 
ize the I'ocks of the vallev with those of the rest of the state, 
and determine their geological age, and their equivalents in 
other states, by reference to a standard of comparison. 
That standard was a nomenclature adopted by the chief of 
the survey, based on the X(»w York survey, as follows, with 
its e(iuivalents: 

FonnaUon .'{, C. Corrallinr and P»'!ilaineriis beds of the Upper 

Maunuisian liineslono. (Tho Niaj^ara ^froupof New York.) 
ForiHdtinu :i. B. L«'ad-lM'arinR; lu'ds of the rpp«?r Magnesia n 

liiin'storio. (Th«* Utica Slat«* and Hudson River jrroup.) 
FnnnntinuW^ A. .Sh»«ll-b*'d. (Tlii' Tront(»n and Black R.iv«)r 

linn'Stnnc of New York.) 
Fonnatvni 2, (\ TppiT. win It* ^a(*(ilaroi(l sandstone, or St. 

Peter sand^tono. 
Ftn-madon 2, A. und />'. Low. Ma^rne'^ian limestone. (The Cal- 

(rifenms ^androek ot New York.) 
Ffii-vuitint) 1. Lower. li>:ht-eolor«Ml (luart/.ose sandstone. (The 

Potsdam sand^totnMif New York.i 
Iteth nn/i!l'iA'con.< iukI t\rnnjinnKs .^Lnuistoue.s. (Supposed to b»' 

a dnwnwanl exti'ii'^inii of theP(»tsdam sand-^tone.) 



No. 


1. 


No. 




N(). 


;{. 


No. 


4. 


No. 


5. 


Nf» 


tj. 


No. 


7. 
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Of these Dr. Shumard recognized Nos. ^ and 4 at the 
mouth of the river, in the Port Snelling bluflf. At Shako - 
pee, and thence to the Little Rapids, he notes No. 5. Tho 
sandstone at the last place he regards as belonging to a form- 
ation several hundred feet below the white sandstone of No. 
4, probably to No. fi. At •* white rock bluff,-' situated 
on the right bank of the river, about six miles below Trav- 
erse des Sioux, he regards the exposed sec^tion to consist of 
No. 6, capped with No. H. about tifty feet of the former and 
fifteen of the latter. The same formations are exposed, at 
intervals, to the mouth of the Blue Earth river, where the 
section is said to te similar to that of ichUe rock bluff. 
Ascending the Bhie Earth river six or eight miles and ob- 
serving the same geological horizon as far as he went, he 
notes, subsequently, two or three exposures of No. 6 before 
reaching the mouth of the Waraju river, one being two 
miles below the mouth of that stream. The red quartzit-e at 
the mouth of the Waraju he regards as tlie lower beds of 
No. 6. more or less altered by metamorphism where they 
abut upon the igneous rocks. He also notes conglomerate 
and granite outcrops about a mile in a straight line above 
the mouth of the Waraju. He mentions granite at La Petite 
Roche, twenty-five miles above the mouth of the Waraju, and 
at frequent other points before reaching the Redwood. He 
describes an interesting exposure two or three miles below 
the mouth of this river. 

There will be further occasion to refer to Dr. Shumard's 
report, since, although in the main corroborated by the ob- 
servations of the past season, additional facts have been 
gathered which ne(5essitate some changf* in his ])arallelisms. 



(b) THK TRKXTON LIMKSTONK AND SHALES. 

After leaving the immediate vicinity of the mouth of the 
river, this formation is not seen again throughout its course, 
consequently no new facts can be given respecting its char- 
acters or extent, -except those noto(l in Dakota county. 

The quarry of Daniel V. Aiken is a mile and a half north- 
west of Parmington, on .sec. 24 T. 114. R. 20. The beds 
show a considerable disturbance, and a portion of the usual 
building- stone, belonging to No. 4 of the .section below, ap- 
;)ears to be wanting from that cause. Vet Mr. Aikon is i)OS- 
itive that no greater thickness of No. \ exists then^ than 
that seen. 
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Section at Daniel F, Aiken's quarry, near Farminyton. 

Dakota Co. 

No. 1 . Shattered, louse beds of limestone 5 feet. 

No.2. Shale 6 ** 

No. 3. Stone, which crumbles to shale 2 •* 

No. 4. The Minneapolis (|uarry stone 4 '* 

Total 17 feet. 

In traveling south on the Sioux City railroad, from Port 
Snelling, tlie form of the brow of the bluffs of the Minnesota 
valley, appear to lose the Trenton on the east side of the 
river several miles sooner than on the west side. On the 
east side the limestone extends about three and a half or 
four miles above the fort. On the \vest side it seems to con- 
tinue in the bluffs, though hid from sight, for a distance of 
six or eight miles. 

(C) THE ST. PETEIi SANM)STONE. 

This, like the Trenton overlying, also disappears from 
vieAV soon after leaving Port Snelling. Owing to its de- 
structible nature, it is very rarely seen except when pro- 
tected by the Trenton. Yet at one other point has it been 
discovered in the Minnesota valley. A very interesting ob- 
servation was made at the Asylum ciuarry, at St. Peter, in 
Nicollet county. The stone there wrought is the first below 
the St. Peter sandstone, the Shakopee limestone, the upper- 
most member of the Lower Magnesian. In the top of the 
quarry, where the workmen liad stripi)ed off the loose drift 
materials, about two feet of a white, friable sandstone were 
seen, with a thin strip of green shale about midway in it. 
This lay, in i)lace, over, the limestone, and afforded the only 
recorded observation ever made on the very base of the St. 
Peter sandstone. It seems to maintain its strictly arenace- 
ous character, or very nearly so, to its very contact with the 
limestone. This observation confirmed the belief, derived 
from the examination of th(> valley to that point, that the 
St. Peter and the Kasota quarries were in the same horiaon 
as the Shakopee ([uarries, and that they all occur within the 
first thirty feet below the St. Peter sandstone. 

A friable, white sandstone, believed to be the St. Peter, 
was again observed, about two miles above the mouth of the 
Maple river, in the banks of which it affords a number of 
exj^osures. Those examined wore in the northeastern part 
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of Kapidan township, in Blue Earth county, (T. 107, R. 27, 
sees. 11. 12 and 13). It is here underlain by about two feet of 
a greenish-blue clay, and is associated with concretionary 
and irregular sheets of brown hematite. In the banks of 
the Maple, where the Shakopee limestone is exposed and 
somewhat quarried, there are occasional missing places in 
the beds of that formation. If by the action of the river the 
section is kept clear, so as to remove the drift, this bed of 
claj' can be seen lying with distorted and dishing strata in 
these intervals The strata are sometimes not preserved, 
but the masses appear as if thrust into the excavation in the 
Shakopee limestone, and are very sandy. In other cases 
the clay seems to have been shaped in layers conformable to 
the surface of the Lower Magnesian, but unconformable with 
its bedding. At one place the following section can be 
made out : 

Section in Bapidan. Blue Earth Co. 

No. 1. Alluvluiii 15 foefc. 

No. 2. Inmy cra>j and inipun' iron (»n^ 2 ** 

No. 3. Greenish bedded clay 2 *• 

No. 4. Strata of iShakopee limestone, more or less stained and 

enrru.ste'l with iron 4 ** 

Total 23 feet. 



These parts are arranged, relatively to each other, accord- 
ing to the annexed diagram : 

yntutiil surftu'f. 



Allurium iSIlt 




The white sand which here is supjwsod to belong to the 
St. Peter, but wiilch may belong to the Cretaceous, is in 
some way associated with this iron ore. It seems to lie in 
patches, sometimes just below the iron, and in other places 
where the iron is wanting. It seems to \\i\ above the clay 
or shale (No. 3 of the .section), its jmsition being the same 
as that seen at St. Peter. 

• At other places, a little above the point of the foregoing 
section, the iron and sand are found irrt^gularly mingled. 
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strata. 5 to 10 degrees, near the north 
end, toward the south; besides Irrej;- 
ularitios of sedimentation that great- 
ly resemble dip. The i-ock rises in 
tho fonn of an interrupted ridge, run- 
ning north and south, and extends 
about twenty-five rods. The height 
from the surface of water standing 
in a little excavation on the northern 
flank of the bluff, to the base of the 
bare rock is 12 feet 4 inches, meas- 
ured by Mr. Furber. by Locke's lev- 
el : from the lowest rock seen to the 
top of the rock is 40 feet 11 inches, 
by the same. There are indication.s 
on the top of the rock that the form- 
ation did not extend much higher. 
The grains are coarser, and the lin- 
ing cement is more abundant. The 
weather has also caused it near the 
toi) to show thin beds of one half to 
one and a half inches. The rock is 
about 20 feet wide at the northern 
end, but tapers to two or three feet; 
then, swells out in a sort of zigzag 
ridge, and after one or two interrup- 
tiuns. disappears under turf on which 
grow shrubby oaks. The southern 
extremity is rocky again like the 
northern. The dip mi^ntioned only 
, shows at the northern extremity of 
' the ridge. In ilie valleys about, the 
drift jirevails, and boulders may be 
seen. The adjoining diagram shows 
till! form and winding contour of the 
ridge. 

Another of these outliners is known 
a:^ Castle Kock. It is situated in sec. 
It::. T. li:!. X.. U. 1!) W.. Dakota 
t'()unty. The following diagrams 
show the eluvution and aspect of this 
rot'k from Iho west, south and south- 
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VieiD of castle rock from the south-east 
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There is another exposure of the St. Peter on sec. 22, T. 
114 N.. R. 19 W., about a mile and a half west of Empire 
City, in Dakota county, within the river bluffs of the Ver- 
milion, and on Ibe north side of the immense slough tbat 
lies on that side of the river. Tt is somewhat quarried for 
foundation stone. The beds exposed are under about two 
feet of drift, and about twelve feet above the level of the 
slough. They lie liorizontal. This indicates that the whole 
valley of the Vermilion, at that point, where it is ssiid to 
have its greatest width, is wrought in that sandstone. 

(d) THE SHAKOPEE LIMESTONE. 

This limestone belongs to tlie great Lower Magnesiaic: 
formation and is the uppermost meml^er of it. In ascending 
the Minnesota valley its first outcrop is seen at 8hakopee. irr: 
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Scott county, where it is wrought for quicklime. It is again 
exposed at Louisville, in the same county, five miles above 
Shakopee. A short distance above Louisville it recedes 
from the river, and the underlying sandstone, seen at Jor- 
dan, comes to the surface with a gentle dip to the N. or N. 
N. E., forming the * 'little rapids" in the river, and affording 
a useful building-stone at the quarries at Jordan. In turn 
this sandstone, by the same dip, is driven back from the 
immediate valley, and a lower limestone is seen, as at St. 
Lawrence, having different physical characters, yet belong- 
ing to the great Lower Magnesian. 

At Ottawa and Kasota, as also at St. Peter, the Shakopee 
limestone has returned. It thence continues in the valley 
of the Minnesota, sharing its banks with the underlying 
Jordan sandstone, to Mankato, where a fine exposure of the 
beds x)f both may be seen. As the river there changes its 
direction it soon passes away from the area of the Shakopee 
limestone, although there are several fine outcrops on the 
Blue Earth, and on its tributaries the LeSueur, the Cobb 
and the Maple, as far south as the townshiji of Rapidan. It 
is also exposed on the Watonwan, at Garden City, and gives 
rise, as at other places in the same township, to valuable 
mill sites. 

This, in general, is the course of the Shakopee limestone. 
It has formerly been supposed to represent the whole of the 
Lower Magnesian, or For. 2 of Dr. Owen. Its thickness is 
about 70 feet. The underlying sandstone is about 50 feet 
thick. The thickness of the next member of the Lower 
Magnesian has not yet been made out. It is visible at St. 
Lawrence, in Scott county, and at Judson, in Blue Earth 
county. This, it will be observed, is not in keeping with 
the age given the Jordan sandstone by Dr. B. F. Shumard. 
He referred the sandstone at liftle rapids, and that underly- 
ing the limestone at Mankato, to For. 1, of Dr. Owen's series, 
which he made the equivalent of the Potsdam, of New York. 
The Lower Magnesian, however, in the bluffs of the Missis- 
sippi, at Winona, and at other points, is ovor two hundred 
leet thick. In approaching St. Paul its thickness grows 
no less. It would be a singular ])honomenon, to say the 
least, if at Shakoi)ee. less than forty miles from Hastings 
where it has its full development, it should have become re- 
duced to less than seventy-tive foot. The existence of a 
heavy, calcareous formation below the Jordan sandstone, 
demonstrated by the observations of the i)ast season, as de- 
tailed in the following pages, proves ]>eyoiid all question 
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that the Jordan sandstone has been erroneously referred to 
the Potsdam age. The Shakopee limestone also maintains 
a distinct horizon in passing to the east. It was seen, in the 
season of 1872, at Quincy, in Olmsted county, and was men- 
tioned in the report of progress for that year (page 82). 

This assignment of the Jordan sandstone to the great 
Lower Magnesian formation is, on the other hand, in har- 
mony with the reports of the Missouri geologists who de- 
scribe that formation as made up of a series of alternating, 
yet consta.nt, calcareous and arenaceous members. To what 
extent the lower part of the Lower Magnesian may be thus 
subdivided, and whether it corresponds to any extent with 
the Missouri subdivisions, it is not now possible to say. 

Section ai Shakopee, in Scott county. 

No. 1. Can hardly be separated from the rest, but seems more 
shattered and thinner bedded. It also contains some 
chert. It is crystalline and porous, with no regularity 
of beddinjr 6-8 feet 

No. 2. An irrojfular layer of sandstone, or of very sandy lime- 
stone, used for building-stone, making some good 
faces: beds about 8 inches 2 feet 

Tso. 3. Ritther heavier beds of hard gray limestone, of a mag- 
nesian texture and feel. These beds are sometimes 
cracked and checked in all directions, and pass into 
fine-grained patches, and then thicken again. These 
thin beds are not infrequently wavy or contorted 
within the mass. Purgatories are. also common in 
the face of the bluff through all the parts 10-12 ft. 

Section at Lonisrille. Scott count y. 

The quarr}' of Mr. G. Baptisto Contre shows a much dis- 
turbed and shattered condition ot the layers, with frequent 
green stains as if of carbonate of copper. No constant gen- 
eral section of the bedding can bo given, but the lower eight 
or ten feet are of a reddish color and in heavier bods. This 
quarry shows very evidently the oiTect of volcanic upheaval 
or disturbance, in general it bears a close resemblance to 
the stone soon at Sluikopee. Twenty feet, more or less, can 
be seen. The cjuarry is in a blulT or terrace, facing the 
river, yel is separated from tho river by another terrace of 
the same height, made of tlio same layers of rock, facing 
away from tlio rivor. This latter ris(is as an island, about 
30 feet above tho rivor bottom. 

Tlio same rock is more or loss exposed in the roa-d from 
Shakoi^eo, for a mile, before roaching Louisville. At Sha- 
kopee- and tho samo is truo most of the way to Louisville — 
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this limestone is the cause of a distinct terrace, which rises 
about 20 feet above the bottoms. On the surface of this 
terrace a great many boulders of northern origin, often re- 
markably large, are strewn, the close proximity of the rock 
preventing them from disappearing in the thin alluvium. 
As the direction of the river seems not to coincide with' the 
direction of the strike of the limestone, it soon passes on to 
the belt of the sandstone seen in the little rapids, and at 
Jordon, the transition from the former stone to the latter 
being indicated by a change in the character of the river 
blulfs, and the terrace already mentioned. A short distance 
below the mouth of Sand creek the limestone ail'ords an 
exposure in the right bank of the river, while the creek 
itself is on the sandstone. The sandstone there is the only 
rock visible in the river, as far as to St. Lawrence, which is 
in T. 114, R. 24, Scott county. The limestone there ex- 
posed lies below the sandstone, and will be described in an- 
other place. With the exception of a slight exposure a mile 
or two below Belle Plaine, and another near Blakeley, the 
rock is not seen again on the east side until reaching white 
rock bluff, at Ottawa. On the west side about a mile be- 
low the J essenland church (sec. 13, T. 113. R. 20) there is a 
low outcrop of the lower limestone in the river bottoms. 

At Ottawa, in Le Sueur county, the Shakopee stone has 
fully returned, and affords a very tine outcrop, rising, with 
the underlying sandstone, to the hight of about 70 feet 
above the river, and causing as at Shakopee a broad terrace, 
on which the village stands. 

Sections at Ottawa, Le Snrnr anintij, (a) Quarry of 

John /^ Rinshrd, 

No. 1. Fawn-colored, arenaceous limestone in even beds that 

correspond in undulations with the uppersurfaci^of No. 3 4 ft. 

No. 2. Sandstone with a calcareous cement; of a lighter color. 
and corresponding in undulations with the surface of 
No. 3 2 ft.? 

No. 3. Magnesian limestone, very much like the Shakopee 
stone, holdinpr Kroen clayey deposits: in lenticular and 
irregular beds: the surface, freshly uncovered by the 
removal of the Ijeds of No. 2, has much the apjH^arance 
of being weathered, rising and falling at gradual angles 
and causing theoverlyingnuMubersto have correspond- 
ing undulations. Not well seen here. Said to Ik» H ft. 

Total 14 ft. 

Other quarries showing nearly the same composition of 
layers as Rinshed's, are owned by Levi Case and Charles 
Schwartz. 
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{b.) At Butsked's lime-kiln. 



Nearer the river, at Rinshed's kiln, the underlying' sand- 
stone can be seen. In this section there is exhibited either 
a fault or an instance of unconformability in the bedding. 
The relation of the sandstone to the limestone may be best 
exhibited by the following diagram: 

Diagram showing the relation of the limestone to the sand- 
stone, at Ottawa, Le Stteiir county. 



a. Horizontal liiycrsdt wliltp I'luuilillnt' aandHlonu allowing oblliiuo sedlmonta- 

tloa; Hi'illiiivnlull.in iinill»tiirht.-<l. s<!i-ii ^ feet, 
li. Interval of ten Ivii lil.l by ilehrls. 
c. Ouo bed of tuwn-oiilrjrtil lUne'itUMf, iilmo>t frii' rr>ni !*uu(l ; ]le!> beli>w ttaestoue 

at Klnsheil's niarry. 2(bu1. 

About ten rods below this kiln, near another old kiln built 
by excavating in the sandstone along the bluff, the following 
section may be seen: 

(<■) Trn rufJs below Rinshed's linie-ktln. 

No. 1. Linm-Blono, fawn-cokircd, In undulatlnit beds: beds 
two iir three inches or ns thick as one or two feet, 
upparenti}- disturbed 15 feet. 

No. 2. tiand.sioDe, as ut Rinshed's kiln, undisturbed, seen. . . 25 feet. 

Just back from the blul{ where the last section was taken, 
is the opening that furnishes stone for the kiln. The lime- 
stone here appears like that at the bluff. 

The whole of these exposures make up. in general, one 
irregular stratum of limestone, witli sandy patches and lay- 
ers occurring indiscriminately, and should not be divided 
generally into different members. The sandstone underly- 
ing, however, has au uneven upjier surface, due perhaps, to 
the violence of the latest sedimentation, instead of upheaval, 
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before the disposition of the limestone. There is no other 
way except that of supposing a fault, or an instance of un- 
conformability within the Lower Magnesian, to account for 
the position of the heavy bed of limestone exposed so far 
below the top of the sandstone at Rinshed's kiln. 

A little more than a quarter of a mile below Rinshed\s kiln, 
a little ravine crosses the beds, showing the upper portion 
of the sandstone, as follows: 

(d) Section in the sandstone at Ottawa. 

No. 1. Red, hard sandstone, in one heavy bed, exactly like 
that in the cut on the Sioux City II. R. near Louis- 
ville. 1 foot. 

No. 2. White sandrock, like that in the railroad cut near 

Louisville seen 2-3 feet. 

The observations made at Ottawa throw much light on 
the relation of the limestone there with that at Shakopee, 
thus — 

Shakopee limestone-Ottawa limestone. 

Louisville kilns =Oltawa kilns. 

Jordan sandstone.. .=^--Otta\va sandst-one. 

At St. Peter the ciuarry near the asylum exposes the 
uppermost layers of the Shakopee limestone. Owing to the 
work going on in the finishing of the asylum building, a 
fine opportunity is hero afforded for seeing these bods in 
their best estate. The beds are here very regular, differing 
very much from the thin and confused bedding at Shakopee, 
and in the deep openings they seem to be all very heavy. 
Indeed, in the face of the quarry the bedding can hardly be 
discovered. It seems almost massive. Yet on quarrying 
the stone it parts along certain horizontal planes that must 
be bedding planes. Some faces show five feet. Other beds 
are two, and three, and four feet. The upper four feet are 
checked into beds of two to four inches by the weather. It 
is rather darker, when first quarried, than the Kasota stone, 
but has the same general cast of color. It seems sometimes 
to have a brownish tinge. The amount seen here is about 
twenty-five feet. 

In the banks of the river at St. Peter, the sandstone, cor- 
responding to that already described at Ottawa, can be seen, 
forming perpendicular or overhanging bluffs fifteen feet or 
more in hight. 

On the terrace formed at St. Peter by these rocks, other 
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quarries have been o};)ened by Albert Knight, and by others, 
but none exhibit the characters of the formation so fully as 
that at the asylum, x 

Across the river from St. Peter, and about a mile toward 
Kasota, is another exposure of the limestone, in a bluff along 
the roadside. It seen s here to be more shattered and irreg- 
ular, and like the Shakopee stone. Lime burned near here 
cannot be distinguished from the Shakopee lime. About 
eighteen feet are seen, the lower part being in good heavy 
beds. The up])er surface is watorworn, and in the openings 
the Cretaceous has been deposited. 

Geo. C. Clapp's lime kiln and quarry are five miles below 
Makato, on sec. 17, township of Kasota, within the main 
drift bluffs of the Minnesota,, but on the terrace formed by 
the Shakopee limestone, and about a mile from the river. 
His quarry, located near his kiln, exposes a fine gray lime- 
stone, about two foet thick, sometimes less or more, grad- 
uating into the Shakopee stone which underlies. It is very 
firm, little porous, and contains Orthis, at least, and affords 
the finest and purest limestone hitherto seen in the Shako- 
pee stone. It must be regarded as the upper portion of the 
Shakopee. This fine,. compact texture, and gray color, are 
not continuous in the same horizon, in other places tJie harsh 
magnesian grain and arenaceous quality existing in the same 
beds. Running along the river for several miles, sometimes 
touching the river and soni(»tinies exposed back of islands 
that show the same, this limosUme forms a blutf of solid 
beds. Although there is usually a heavy talus covering the 
foot of this bluff, yet at sevoi-al points the identity of this 
horizon with that at St. Peter, and hence with that at Sha- 
koi)ee, is fully established by the exposure of the underlying 
sandstone. Tt is seen at a ])oint about two miles below Mr. 
Clapp's farm. This blulT sliows a <^^ockI stone, as at St. Peter 
and Kasota, but is not much (luarried. Perhaps it is more 
arenaceous in patches. Tt is blotcliod witli whitta* spots, and 
with soft chert. 

Another fine exposun* of this ^rcological horizon is visible 
about a mile and thrceciuartiM's bolow Mankato, on the same 
side of the river. The ])lac<» hero refornnl to is that some- 
times known as hnrricdni' hcnd. although the j)oint so 
named by steamboat captains is said to be about four miles 
further down the nvov. Tlu? soc.tion horo exposed is the 
same as at Cla])p's, and also ilie same as at Makato. but 
here there is an observc^d thiclfuess oT sandstone amounting 
to forty-fiv(^ feet, somewhat hid by debris. This equiv- 
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alency is unmistakable, since the bluff can be traced nearly 
all the way to Clapp's, and since between here and Mankato. 
besides the continuance of the same surface features — the 
wide, stony prairie formed by the terrace, the uniform alti 
tude of the terrace, and its striking similarity to the terraces 
at St. Peter, Kasota. Ottawa and Shakopee — the actual con- 
tinuity of the formation can almost be traced out by expo- 
sures of the rock. 

In the report of progress for 187-, the section at Max- 
field's quarry at Mankato was given (p. 83) covering 61 
feet of the Shakopee limestone. The further examination 
of this locality, and of the river bluffs for several miles 
below, during the season of 1873, makes it desirable to 
unite the sections observed in one general section, as follows: 

SectioH at Mankato, in Blue Earth couniif. 

No. 1. Pordus magnesian liniestono, not used 4-6 ft. 

No. 2. Coarse, friable sandstone 2-4 ft. 

No. 3. Magnesian limestone burned for lime 2 ft. 

No. 4. Calciferous sandstone, in heavy beds, of various grain 

and texture, sometimes mottled, quarried for building 30 ft. 

No. 5. Upper shale ted, arenaceous and mottled with red 2-3 ft. 

No. 6. Calciferous sandstone, generally used as a cut-stone, 

compact and even grained 4 ft. 

No. 7. IU)Uga and irregular magnesian limestone, somewhat 

arenaceous, but unlit for cutting 10 ft. 

No. 8. Lower shale bed; very much the same as the upper — 2 ft. 

No. 9. One heavy bed, generally good for cut-stone 3 ft.. 

No. 10. Irregular and sandy bed; more or less cavernous and 
porous, its lower three or four inches in thin chips. 

fine grained, and stained with iron 3 ft. 

"No. 11. Jordan sandstone, seen about 4,5 ft. 

Total of th«» Shakopee limest<)ne, about 65 ft. 

From Mankato toward the mouth of the Blue Earth river, 

^he Shakopee limestone is seen at frequent places, forming 

I)recipitous mural faces, capping the underlying sandstone; 

"the two united making bluffs that rise from seventy five to 

ii hundred feet. These exposures are mostly on the right 

l>ank, but there are also cilovated islands in the river, or at 

least elevated portions in the area of the bottom land, that 

present similar perpendicular rocky bluffs on one or more 

sides. These exposures extend somewhat beyond the mouth 

of the Blue Earth. The Blue Earth has cut its passage 

through this rim of rock, at the point of its debouchure 

upon the Minnesota bottom land, and on its right banlc, at 

the place of the crossing of the St. Paul and Sioux City R. 

R., a series of interesting observations were made. Before 
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reaching this point, however, in following the highway 
from Mankato to South Bend, but on the east side of the 
bridge over the Blue Earth, the Shakopee limestone is 
exposed in a recent excavation by the side of the road, in 
the removal of the Cretaceous clay, which is seen there to 
overlie it unconformably. The limestone here shows the 
effects of long exposure to the weather, and the action of 
water in the form of waves, probably those of the Cretaceous 
ocean, prior to the deposition of the clay, A much better 
example of the same effects may be seen a little further 
south, just before the crossing of the Blue Earth by the 
Sioux City R. R., where the grade is cut into the rock for 
several rods before reaching the river. The old Silurian 
surface is here very much weathered, and coated with iron 
peroxide, the nooks and openings, and all sheltered places 
being filled with the fine, plastic but bedded greenish clays 
of the Cretaceous age; the drift gravels and sand overlying 
both. These phenomena arc alluded to again and more fully 
discussed under the head of the Cretaceous. 

Passing from the mouth of the Blue Earth south, towards 
the Red Jacket llouring mills, occasional exposures of the 
Shakopee stone are met with along the highway and in the 
railroad cuts (Minn, and Northwestern R. R.), for about 
three miles. The Red Jacket mills are on the Le Sueur 
river, four milos south of Mankato. 

On the Maple, near its union with the Le Sueur, in sec- 
tions 11, 12 and 13, township of Rapidan (107, 27,), Blue 
Earth county, quarries that are feebly run, are owned by 
Barney Simmons. Samuel Michael, and by Messrs. Averill. 
Culver. Wood and Allgrain. These quarries reach about 
two milos above the mouth of the Maple, and are in the 
same horizon as the Mankato quarries. The stone occurs in 
horizontal, heav}'^ beds, along the low banks of the river, 
exposing 25 or 80 feet. Some mention has been made of 
the Shakopee stone at this place in describing the sandstone 
there seen to overlie it, and supposed to be the St. Peter. 
(See p. 183). 

The Shakopee limestone is exposed at Garden City, in 
Blue Earth county, in the banks of the Watonwan river. 
Mr. S. M. Folsom owns a slight exposure which is some- 
what worked, situated in the low bank of the river, near the 
water. At the mill dam, just above the highway bridge, it 
may be seen, exposed in a rough and very irregular outcrop, 
in the midst of the river, forming a rocky island. It here 
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presents large cavities, and sometimes a breccia. The beds 
are thick, and lie in a short synclinal, as illustrated below. 

Synclinal in the Shakopee limestone^ (it Garden Citi/, in 

Blue Earth county. 








This synclinal is not believed to be anythin^i: that affects 
the general dip of the formation, but an illustration of the 
irregularity that it sometimes presents in its bedding. A 
similar phenomenon was noted in respect to this limestone, 
at Ottawa, in LeSueur county. It is a structure very com- 
mon in the Waterlime, of the Upper Silurian, seen in north- 
western Ohio. 

This exposure of the Shakopee limestone has very much 
the general character soon at Shakopee. In the roughened 
upper surface the usual gasteropod, seen also last year ai 
Rochester, in 01mst(.Hl county, was seen at (iarden City, 
(Euomphalus^ ) 

(e) THE .lOUDAN SANDSTONE. 

This name is here applied to that member of the Lower 
Magnesian which immediately underlies the Shakopee lime- 
stone. As has already been stated, it has been referred by 
Dr. B. F. Shuraard to the Potsdam sandstone or formation 
1. of Dr. Owen's series. The observations of the ])ast .season 
have disclosed the fact that it is only about fifty feet in 
thickness, and is underlain by another great limestone form- 
ation which, while it dilTers considerably from the Shakopee 
stone, is still a magnesian limestone, and belongs to the 
same great series. 

This stone is first seen in ascending the Minnesota valley, 
so far as at present known, at the "little rapids," near the 
city of Carver, in Carver county. It here causes a fall of 
about seven feet, divided between two separate rapids. The 
lower rapid has a fall of about four feet. The upper is about 
half a mile further up. The stone is thick bedded and 
coarsegrained. A few rods above the upper rapid it is ex- 
posed in the right bank, showing about six feet in nearly 
horizontal beds. This sandstone was penetrated in sinking 
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a well at Louisville, after passing through the Shakopee 
limestone, the thickness of over twenty feet. Passing along 
the public road from Louisville to Jordan, the strike of the 
sandstone can be seen by outcrops, in the form of stony 
islands, in the river bottoms, and by exposures near Doolej'- 
ville. Where the public road crosses *'Van Oser's"* creek, 
a short distance above Dooleyville, it has a dip of 10 or 15 
degrees toward the W. N. W. About twenty-five feet can 
here be made out in passing along the stream from a short 
distance above the road to the crossing of the St. Paul and 
Sioux City R. R. It is in heavy beds and is coarse-grained. 
It is full of seams and checks, presenting some appearance 
of dip in different directions. Some of the seams, or lines 
of apparent bedding, run nearly perpendicular, but they do 
not have a constancy that shows dip. The operation of the 
stream is such as to bi ing out the bedding, by the wearing 
away of the softer layers, so as to indicate dip in the direc- 
tion already stated. 

Near the railroad bridge over Van Oser's creek, and in the 
public road, this sandstone is conglomeritic and broken. It 
shows the effect of heat. The bedding is disturbed and even 
fractured, the openings having been again filled with coarser 
materials and some pebbles. Some parts of it are highly 
ferruginous, so as to make an impure iron ore which is 
black. These characters, however, are confined to a very 
small area, not being seen over more than three or four 
square yards, making a mound-like prominence that rises 
two or three feet above the level of the rest of the bedding, 
which is bare for some rods alx)ut. 

About a mile above the crossing of Van Oscr's creek, the 
St. Paul and Sioux City R. R. cuts through sandstone 
which may bo somewhat below the beds last mentioned. 
The upper part of this may be regarded as belonging in the 
section at the creok. This cut is composed of the following 
parts: 

>■(>. I. Hani (yet within frial)l<?) saridstonc, in (»u«.* bed, of a red- 
dish color, whifh nsoni»)l<.'s thi; color of the Shakopee 
stonr noar the bottom of th<^ section at Louisville 3 ft. 

No. 2. Fine, incolierent, wliite sandrock, massive: seen Ave 

foet, may anjoiml t-o 10 ft. 

Directly east of this cut. across the public road, No. 1 
above, which is supj)osed to be the same as the sandstone 
seen in Van Osors creek, outcrops so as to show 15 or 20 



* Tills is corrupt (m1 from V;ni 0>ti'rli;ni 



?». 



STifTE GEOLOGIST. 149 

feet. It causes a considerable knoll, whore huge blocks 
four or five feet thick are checked loose by the weather and 
removed from the general mass. This is a favorable place 
for quarrying. 

At Jordan, three and a half miles above this place, this 
sandstone affords its typical outcrop. It occurs in Sand 
creek, about a half mile above the village. Quarries here 
are owned by John Volk, and by Wosanick and Loniacheck. 
The general section obtainable from the various outcrops 
along this creek has been described.* 

Sedion at Jordan, Scott county. 

No. 1. Sandrock, buttlsh, ciuit*.' ferrujrinous, thick-bedded, seen 

at the mill 6 feet. 

No. 2. Sandrook, ferruginous, thin and Irregularly bedded, fria- 
ble and disentt'grating, with many ferruginous seams, 
crusts and concretions. In quarry .'{feet. 

No. 3. Sandrock, irregularly whitish or ferruginous, heavy-bed- 
ded, obliquely and beautifully banded with iron 
streaks and laminae. In (juarry 12 feet. 

No. 4. Sandrock, bullish, similar to No. 3, but thinner bedded. 

In the (|uarry 8 feet. 

No. 5. Sandrr)ck, hard and ferruginous above, soft, friable and 

bufflsh red below. Kails of Sand creek 10 feet. 

No- 6. Sandrock, whitish, compact. In the beer vaults, seen.. 12 feet. 

In the bed of the creek, near the breweries, this stone 
seems somewhat calcareous. It is of a reddish color and 
slightly porous, while the quarried stone shows generally a 
white color, except where irony water has rusted the inter- 
laminations, presenting then a streaked section of rust and 
white. The bedding in the creek is also thinner. Although 
the foregoing section makes up a thickness of T)! feet for 
this sandstone as exposed at this place, the observations of 
the survey do not warrant the assignment of that aggregate 
thickness to the outcrops there. Some of the localities 
named being regarded as on the same geological horizon. 
The general uniformity of characters makes it difficult to 
judge how much of the bedding at one place may be included 
in the outcrop at another ; but twenty-live or thirty fe(»t 
would i^robably cover the thickness exposed. 

The next known exposure of this stone is at Ottawa, 
where it underlies a considerable thickness of the Shakopee 
limestone. The geology of this place has been given in 
treating of the Shakopee limestone. The interesting ob- 

*R€in)rt uf it iffuhtgU'tU Hurrry o/ th*' ricinitu •»/ iitUt Plfiinf, Svntt Co.. Minn. Hy 
Alexuiidor W1iu"1k«11. In this report ilu? uutih' t\( Jtnihni siinilstun' \v:i> fii-t aiipllcd 
tothisstoiio, iiithoii;;li still rcifunlcd H*<of t)ie I'oiMlani usv. 
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servation was there made of a local unconformability in the 
limestone, with the Jordan sandstone. (See p. 141). 

From Ottawa to Mankato, this sandstone may be seen at 
nearly all places where the Shakopee limestone is exposed. 
It is apt to be somewhat covered by debris, as it lies at the 
base of the continuous bluffs that these two formations cause 
throughout that part of the Minnesota valley. 

Near the Red Jacket mills, four miles south of Mankato, 
on the Le Sueur, is an outcrop of sandstone, which is doubt- 
fully referred to the Jordan. It is in the right bank, just 
above the mill dam. It forms a perpendicular bluff rising 
from the water about 20 feet, underlying a heavy deposit of 
drift which rises nearly two hundred feet higher. In the 
sandstone are soft, apparently magnesio-calcareous pieces, 
about an inch in diameter, usually flattened, or pointed, or 
edged, which if dry, crumble to powder in the fingers, re- 
vealing little or no grit, but which when wet, are sticky and 
plastic. These pieces resemble somewhat the thin deposits 
of shale seen in the sandstone that has been referred to the 
St. Peter a few miles higher up on the Le Sueur. (See the 
Report of Prof. Peckham for an analysis of these pieces of 
shale). This fact in connection with the existence of irony 
crag in the overlying drift bluff, make the resemblances of 
this outcrop to the above outcrops supposed to be St. Peter, 
and to those at Garden City, rather greater than to the Jordan. 
The geographical and topographical relations of this out- 
crop, however, cause it to appear very strongly to belong to 
the Jordan. (Seep. 133). 

At Cappels mill, on the Watonwan, two and a half miles 
below Garden City, a sandstone is exposed, and somewhat 
worked. Its stratigraphical relations are not certain, but 
it probably belongs to the Jordan. 

Three miles below is the Rapidan mill. The same sand- 
stone is exposed at this mill and at several places between 
these mills. 

At Minneopa falls, sec. lU, T. 108, R. 27, the cascade is 
caused by the Jordan sandstone. The perpendicular fall of 
the water is about 30 feet, but 45 feet of the sandstone can 
be made out. Before reaching the point where the water 
leaps over, the steam works its way through a perpendicu- 
lar thickness of 15 feet of sandstone beds. It then comes 
in contact with a harder portion of the sandstone, which has 
a thickness of about six feet. This resists the water longer 
than the under lying layers, and maintains a projecting shelf. 
The mist tliat rises keeps the walls wet, and the freezing oC 
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a limestone, and very durable, of a flesh color, varying to 
buff, striped, specked and blotched with green. The sides* 
of the bedding are almost altogether green. 

Allusion has already been made to a reddish stone closely 
associated with St. Lawrence limestone, the geological hori- 
zon of which it is difficult to state. The first exposure ob- 
served of this occurs three miles above Blakoley, and on the 
west side of the river, in Jessenland township. It is in the 
river bottoms, N. E. i, sec. 12, T. 113, R. 26, owned by 
Mr. D. Doheny, who has opened a little quarry. It is a red, 
metamorjihic limestone, nodular, concretionary, and filled 
with checks and planes of separation, the thickest beds being 
not more than four inches, the most of them less than two, 
and more or less contorted. It has greenish surfaces, and 
isolated pockets of fine, apparently copper stained materials, 
but very sparsely disseminated. It is almost a worthless 
stone for any use except macadamizing, owing to the ease 
with which the beds are fractured transversely. It is rough 
and irregular. It is finegrained generally, rarely porous, 
and cryptocrystalline. When weathered it shows an arena- 
ceous composition. It is seen in surface exposure over sev- 
eral square rods, the thin red chips covering the ground. 
About six feet of bedding may be seen. The position of 
this limestone is supposed to be somewhat above that seen 
at St. Lawrence, and below the Jordon sandstone. It per- 
ha|)s has not characters sufficiently defined and constant to 
be separable from the St. Lawrence. Indeed there are some 
good reasons for supx>osing it may be the uppermost portion 
of that limestone considerably charged with iron, and chang- 
ed in outward appearance by the waters of the valley. 



(g) THE ST. CUOIX SANDSTONE. 

In the report of progress for 1872, this name was pro- 
visionally applied to the light-colored sandstones exposed 
largely on the upper Mississippi and on the St. Croix rivers, 
lying immediately below the Low^er Magnesian. During 
the season of 1873 no observations on this series of sand- 
stone have been made, and no new light can be added to 
the question of the age of those beds, except what may be 
found in connection with the description of the outcrop 
of red quartzite at the mouth of the Waraju river, near 
New Ulm. 
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(h) THE POTSDAM SANDSTONE. 

This name is here applied to the red sandstones that lie 
below the light colored sandstones of the upper Mississippi 
valley, and to their supposed equivalents in the southwestern 
part of the state. The principal observations on this sand- 
stone made during the season of 1873, were upon the outcrop 
near New Ulm. The annexed map of this locality will give 
a correct idea of the position of this outcrop in respect to 
the outcrops of conglomerate and granite which occur a 
short distance further up the river. A careful observation 
on the dip of the quartzite, south of the railroad cut, correct- 
ed for variation of the needle, gave 27° N. 10^ E. A 
similar observation on the conglomerate gave a dip of 18^ 
toward the E. S. K. The granite outcrop is located on the 
authority of Dr. B. F. Shumard, who says: *'The granite 
is a hundred yards removed from the conglomerate, with its 
line of elevation running nearly parallel with the latter. 
Flesh-colored feldspar malces nearly two-thirds of the gran- 
ite." This outcrop of granite was not noticed by the survey 
in examining this locality. 
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Map of the vicinify of New Ulm and Redstone, showing 
the position and dip of the conglomerate and quartzite 
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«'. Crctacuijus outcrop: IhmI.s liorixoiitul. 
^L, Gran I to outcrop. 

conK. Conglomerate outcrop; dip 19® E.S.K. 
q. Red quartzite outcrop: alp 2T« N. 10« E. 



The dip of the quarty.ite varies in degree. It is greatest 
near the river, and is least near the northern extremity of 
the exposure. Indeed, near the northern extremity the sur- 
face has a slope which is apparently due to dip, in the op- 
posite direction. A section north and south through the 
quartzite would show dip changing somewhat as illustrated 
by the following diagram, sketched on the spot: 
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Dip of ihe (inartzife at Redstone 
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At the iiortliern extremity of the exposure the surface of 
the rock shows a coarser grain, becoming almost conglom- 
eritic. No true conglomerate can be here seen, but there 
are grains of white (juartz as large as a mustard seed dis- 
seminated through it. The relation of this coarser portion 
to the rest of the quartzite is such as to cause it to overlie 
the most of the quarty^ite, but its actual superposition can- 
not been seen. In some of the thin bedding near the lowest 
part exposed, mica scales are visible on the planes of the 
bedding. When fresh they are black, but if weathered they 
are of a golden yellow color. 

In many places there are evidences of a higher sta^e of 
the Minnesota at some earlier time. These consist of fur- 
rows and water- worn surfaces. There are some pot-holes, 
worn usually so as to have their elongated dimension in the 
direction of the river, their shape being generally oval. 
One of the largest noticed was 20 inches long and 15 inches 
wide. Its depth was -4 inches. These water-marks rise 
120 or 125 feet above the river. 

On the north side of the river, nearly opposite New Ulm, 
is an outcrop of coarse jaspery conglomerate, the pebbles 
in which are occasionally a foot in diameter and waterworn. 
There are also white quartzite pebbles. Ten feet may be 
seen, in an irregularly descending strike nearly north and 
south. The strike of this conglomerate outcrop is conspic- 
uous in the woodless prairie, or terraced slope from the 
prairie. It rises from the very river bottoms and enters the 
bluff diagonally at a hight of perhaps 50 feet above the 
river. The talus hides the underlying stone. The strike 
faces uiD the river. 

The quartzite outcrop at New Ulm was described in gen- 
eral the report of progress for 1^^72 (p. 75). The de- 
gree of dii) and the thickness of the bedding exposed were, 
however, over estimated. There may be 250 feet of strati- 
Hcation exposed, and the hight of the rock does not exceed 
125 feet above the river. 

The following is Dr. E. Emmons' description of th 
* Sandstone of Potsdam." taken from his report on the sec 
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ond geological district of the state of New York, priuted by 
the Legislature, in January. 1838. 

*'I shall not enter upon its geological relations, any fur- 
ther than to state, that in Potsdam, and other towns in 
which it appears, it uniformly rests on the primary strata; 
and in no part of the country is there any rock which inter- 
poses itself betweeji it and the primary, so that it appears 
here as the oldest repesentative of the transition series. 
The identification of this rock with the sandstones along the 
southern border of lake Ontario, will be a matter of some 
difficulty. It is geologically below the transition limestone, 
and never in the northern district alternates with it, but al- 
ways holds the relation of an inferior rock. So much is 
known of its position, but still some doubt remains as to its 
general relation, and to its name and place in the series of 
rocks. Some call it the old rod sandstone; others regard it 
as equivalent to the new, or saliferous rock of Eaton. 

••This rock is a true sandstone, of a red, yellowish-red, 
gray and grayish white colors. It is made up of grains of 
sand, and held together without a cement. Intermixed 
with the siliceous grains are finer particles of yellowish feld- 
spar, which do not essentially change the character of the 
sandstone, but they show the probable source from which 
the materials forming it were originally derived, viz., .some 
of the varieties of granite. Unlike, however, most of the 
sandstones, it is destitute of scales of mica. The coloring 
matter of the rock is evidently oxide of iron, but unequally 
diffused through it. giving it intensity or deepness of color 
in proportion to its (.quantity. In some places it is almost 
wanting, which makes it, when pulverized, a good material 
for glass. The grains and particles in it^ composition are 
generally angular, but where it takes the character of a con- 
glomerate, as it does in the inferior layers, they are fre- 
quently rounded. The thicker strata exhibit an obscurely 
striped appearance, owing to the prevalen(te of certain colors 
in the different layers. " 

Quartzite similar to that described at Redstone was again 
seen in the southern part of sec. 7, T. 1()(>, K. 30. on land 
belonging to the St. Paul & Sioux City R. R. It presents 
here a small surface exposure, in a ravine, without exhibit- 
ing any distinct bedding. Its surface is glaciated in a 
direction, corrected for variation. S. 34 K 

At another point, perhaj^s in the edge of lh(^ next sec- 
tion west (12), is a larger exposure of this (|uartzite. The 
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dip is 4° or 5^ N. 10*^ W. The stone is very hard, but 
banded with light and red beds, evident on the planed sur- 
face and on the fractured side. This point shows glaciation 
S. 30® E. ( corrected for variation ). There are other smaller 
exposures further west a short distance. They occur fre- 
quently on the hillsides, where the drainage has washed olY 
the light drift which contains a few boulders. 

At still another i)oint, in the same section, the glacia- 
tion is very evident. There is here a trench, traceable 
across the whole extent of the exposure, a distance of 
several rods, which does not perceptibly vary in direction. 
It is a foot across, and two inches deep, and its direction, 
corrected for variation, is S. 8^^ E. 

There is an (extensive and important ridge of this quart- 
zite not yet visited, about in the northern part of T. 108, 
ranges 85, 84 and 88, situated between the Big and Little 
Waraju rivers. 

Mr. 1. .1. Kochussen is authority for the location and 
further items of otiior outcro])s of tliis red quartzite. It 
may be seen, according to his description, on the edge of 
the valley of Hoc It river, in Kock county, three miles 
north of Luverne. It consists of a ridge three miles long, 
running N.K. and S.W.. so far as known, its average 
height being -5 or 80 feet. The beds lie nearly hori- 
zontal or show a v<'ry slight dip. and are from one to 
four feel in thickness, and rather easily quarried. Also 
on the road to Sioux Falls. 15 miles west of Luverne, 
and two and three miles west and northwest of a settlement 
known as Valley Springs, are a number of outcrops, one 
large, isolated ])iece being known as lorn* rock. It is quar- 
ried at one point, and there shows conglomerate. At Sioux 
Falls, 15 miles further west, in Dakota, the same rock 
fonns the fall, and lies in heavy layei-s nearly horizontal. 
The aggregate fall is 120 fet^t. 

(i) THR <;kanitks or tiik v.m.lkv. 

The following account of the granites of the Minnesota 
valley will consist of a location of outcrops, and a descrip- 
tion of their physical, outward chanicters. No attempt will 
be made to classify them, or to n^fer them to any horizon of 
rocks exposed in the nortluM-n part of the state. There has 
not yet been sufficient time to en^ag(^ in mineralogical or 
chemical comparisons with the northt*rn granites. There is 
no hesitation in savinir that thev are a .soutliwestward exten- 
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sion of those northern granites, and that their parallelisms 
probably exist and that they can be referred to their proper 
places, when a sufficiently detailed examination of the state 
shall have been made. 

With the exception of the small exposure of flesh-colored 
granite near New Ulm, mentioned by Dr. B. P. Shumard, 
the first ontorop of rot^k of this kind occurs in ascending 
the valley at **La Framboise place," where it rises .seventy- 
five or a hundred feet above the level of the river. This is 
at Little Rock creek, about four miles below fort Ridgely. 
The exposure has long been known among the French trad- 
ers as La Petite Roche. It is one of a scries of exposures 
in the same vicinity, extending along the river bottoms, 
mainly on the north side, for a mile or two. In general this 
rock is granite. It rises in low knolls, perha])s 50 feet 
above the flood plain, visible from the * * state road " that 
skirts along the foot of the bald drift bluffs on the north side 
of the river. Its outward appearance is that of a reddish 
granite, made up of the ternary granite compound, the sepa- 
rate grains of which are not coarse, the largest ones being 
the feldspar. The quartz is milky, or often amethystine; 
the mica is rather scarce for typical granite, and the feldspar 
is red or flesh-colored. The red color greatly predomi- 
nates, giving a reddish tinge to the whole stone, wherever 
the weathered surface is kept free from lichens, or where 
the interior is freshly exposed by cuts for quarrying. The 
drift bluffs are not at all affected in contour or direction by 
these granite knolls, although the river itself winds about in 
the lowest channel accessible. No regular dip is distin- 
guishable. The granite shows an abundance of seams and 
divisional planes, in various directions, that make it pre- 
sumptuous to say which way the original bedding may have 
lain. The only circumstance that indicates the direction of 
dip is the occurrence of the most abrupt faces, in numerous 
places, on that side toward the river, the opposite slopes be- 
ing more gradual, descending gently toward th«.» north, as if 
the horizon of bedding sloped in that direction at an angle 
of 3:)^ or 40'. 

On close inspection of this granite with a pocket-glass, 
there seems to be much uncertainty about the color of the 
feldspar. The reddish color is most prevalent outside of 
the feldspar crystals, or only on their surfaces, as if the 
stain arose from rustiness and weathering, and had perme- 
ated the loosened granular mass by being in solution in 
water. There is a powdery, at least a gritty and sandy cement. 
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which fills the interstices within the mass and between the 
grains of quartz and the crystals of feldspar, that seems to 
be generally redder than the distinct quartz or feldspar por- 
tions. Yet that loose and more finely pulverized part seems 
to be made up entirely of quartz, appearing, on close exam- 
ination, to have the light color and distinct fracture of glassy 
quartz, the red color vanishing from sight. The color seems 
to be located very largely in the cement, as in the red quartz- 
ite at New Ulm. suggesting the query whether this may not 
be more highly metamorphic sandstone. In a deep frac- 
ture, however, the red color is much less observable, being 
replaced by a gray, the feldspar grains becoming more evi- 
dent, and the whole rock appears much like the St. Cloud 
granite. 

Above fort liidgely, by following the only passable road, 
a number of granite outcrops were not seen. At a point two 
miles below the Lower Agency, T. 112. R. 34, sec. 10, Mr. 
Wm. H. Post lives on thcj bottoms, near the mouth of a little 
creek coming in from the north. Prom him the following 
statements of granite in the. bottoms above fort Ridgely 
were derived. It outcrops much more frequently on the 
south side than on the north side of the river. Throughout 
the whole distance to the fort (10 miles) occasional mounds 
of bare granite rise up in the bottom land. But these 
exposures are often quite small and at some distance from 
the river. At Marshner's carding factory, seven miles above 
the fort, are a number of granite knobs, in the vicinity of 
a lake situated in the bottoms. Half a mile further ui> is 
another exposure, but more or less connected, by smaller 
exposures, with that at Marshner's. The next principal 
outcrop between fort Ridgely and Mr. Post's, is on the south 
side of the river, and is visible from his house. It shows a 
conspicuous bared spot, with some timber, rising in one 
place nearly as high as the enclosing bluffs, but not effecting 
the general level of the i)rairie, unless it be in causing, as 
has been observed in one or two other places, a knobby or 
rolling tendency in the prairie surface, with gravel and 
boulders strewn over the surface of the knolls. One very 
prominent rock rises nearly forty feet above the general 
level, cone- like, and can be ascended only on one side. It 
bears a few cedars. 

At Mr. Post's, granite outcrops occur at two places in the 
bottoms. These rise but a few feet above the general level. 
This granite has a strong resemblance to that at La Fram- 
boise's. It contains but little mica, and the feldspar is 
flesh-colored. The color here [)enetrates the feldspar crys- 
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tals. In some places, however, the mica is more abundant, 
and the feldspar is less red. 

Birch C!oolic creek joins the Minnesota in sec. 5, T. 112. 
R. 34. The sides of this ravine, a short distance above its 
mouth, are in granite, which is more or less decomposed. 
It seems to have a dip S., SE., and SW. The only place 
where real granite can be seen is about 30 rods above the 
mill dam of Mr. Eld ridge. It here rises 20 or 30 feet above 
the creek. In other places the creek runs over it, making 
rapids and falls, some of which Mr. Eldridge has improved 
for his mill power. 

A substance was met with here for the first time which 
was afterwards seen at a number of places. Its ori- 
gin seems to be dependent on the granite. Its association 
with the granite is so close that it seems to be a result of a 
change in the granite itself. It lies first under the drift, or 
under the Cretaceous rocks, where thoy overlie the granite, 
and passes by slow changes into the granite. It has some 
of the characters of steatite, and some of those of kaolin. 
In some places it seems to be a true kaolin. It is known by 
the people as ''Castile soap.** It cuts like soap, has a blue 
color when fresh, or kept wet, but a faded and yellowish 
ash color when weathered, and when long and perfectly 
weathered, is white and glistening. The boys cut it into the 
shapes of pipes and various toys. It apjiears like the pipe- 
stone, though less heavy and less hard, and has a very 
different color. It is said to harden by heating. This sub- 
stance, which may, at least provisionally, be denominated a 
kaolitiy seems to be the result of the action of water on the 
underlying granite. Since it prevails in the Cretaceous 
areas, and is always present, so far as known, whenever the 
Cretaceous deposits have ])reserved it from disrui)tion by 
the Glacial period, it may be attributed to the action of the 
Cretaceous ocean. In some places it is gritty, and in others 
it may be completely pulverized in the fingers. A great 
aibundance of this material exists in the banks of the Birch 
Coolie, within a short distance of its mouth. 

In the bed of the creek, above the mill-dam, several veins 
Oire seen crossing the smoothed surface of the rock. In low 
v^ater these can be closely inspected, and their composition 
aind structure ascertained. The following sketches illustrate 
fvome of their interesting features. 

The structure of granite reins at Birvh ("oidic. 

The vein, a part of which is illustrated by figures below. 
is in granite, and is made up of granite. The constituent 
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parte, however, in the vein, are much finer, than in the 
body of the enclosing rock, and show a deeper tinge of red 
color. Its direction is S.W.. and it is four inches wide. 
It is visible along the creek ^50 feet, and it is crossed by 
numei-ous other veins tliat are mainly quartzitic and nar- 
row. The structure of the main vein is somewhat schistose, 
and seems to be harder, judging from its forming a ridge 
that stands above the general surface of the rock one or 
two inches. The laminjc of the schistose vein run usually 
at some angle a<;ross the direction of the vein, but in one 
place, whore is a slight change in the direction of the vein, 
they nearly correspond with it. Their usual direction is 
nearer N. and S. Tliis main vein is faulted in several 
places, and is divided so :ks to enclose an irregular oblong 
ai'ea at one point. The fault here sketched is accompanied 
by a very little quartzitic deposit, but there is no constant 
vein of quart/, crossing the main vein, though there is a 
small indistinct seam that cun'es otf to the south on the 
east side. The lamimo in the two separated ends of the 
vein exhibit a curving in op]>osito directions, as if they had 
been somewhat elastic or plastic, and by being wrenched 
ai>art. had bent toward pach other. 

Din'nion awl i-eutium nf rviii at Birch Coolie 
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The followlag diagi-ams represent some of the effects of 
disturbance in ehangin;; the direction and structure of 
veins. The curvature represented in the first below, is a 
part of the same vein as described above. It is accompanied 
by a change in tlie arrangemenl of the minerals in the 
;.:ranite. producing a curving, schistose lamination. 



Fmilt, 



iijl III 




In the second, the same vein is intercepted by u vein that 
has the outward aspe<:i of orthoclase folsite. which seems to 
Ije of earlier date, inasmuch as the formtT is discontinued 
on reaching the latter. The discontinuance of the smaller 
vein seems to have been the cause of a certain ramifying 
schistose structure in the viciiiity of the point of contact of 
the two veins. The f(,']Hite vein is one foot wide, and has a 
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llesh color, with probably considerable quartz crystallized 
with it. It also shows some mica It faults another vein, 
and hence is of later date than it. 

D'sconiinnanc of leit iti gmnite at Birch CooUe 
V \.Jl\sconttnuaTzce. 




tJranito of ilip same lomposition and outward appearance 
iis that below fort Ridri 1\ outcrop^ on both sides of the 
Minnesota, at tho month of ( low dock sec Jo T. 113, R. 
85. It is here also siipeifiudll> d£(omposed to the depth 
of several feet, fonmufir i siibstini-o resembhnjf kaolin, al- 
ready nitfritioiiod asoccwiniig it hirch Coolie The usual 
points of exposure of this k-iolin arc in the banks of the 
little ravines thai entoi tin. Miiincsotv ii\er llis generally 
overlain by deposits of Ciituioiis age tomprising clay, 
li^nitic mIihIb. saiidstot» oi limotom When the water 
(tarries this kaolin out on to tho bottom-^ and there spreads 
it over the; surface, it l>ecomes dr\ itter tho subsidence of 
the water, and then ippc ai s in i noail> white exceeding:ly 
iinctnous. flittering scum co\eimglho giound In this con- 
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ditlon it shows minute Hakes and sheets, that a^Dpear like 
exfoliations of talc. 

At the mouth of the Redwood river, on both sides of the 
Minnesota, granite outcrops give rise to many rocky hills 
and knolls. The Redwood river, for some distance before 
reaching the Minnesota bottoms, is channeled through granite 
rock. This, together with the excavated Cretaceous rocks 
overlying, and the drift deposits, gives the river a very deep 
gorge through which it flows at a ra^iid rate, sometimes plung- 
ing over precipitous or perpendicular rocky descents, pre- 
senting a series of waterfalls, rapids, and quiet, deep pools 
of confined water, which are rarely excelled for picturesque 
beauty. The river falls about 100 feet in half a mile. 

The granite, through which the river is canoned, is usu- 
ally the typical ternary compound, but shows variations. 
It is sometimes slaty or schistose. Just below the flouring 
mill of Messrs. E. Birum and Brothers, the rock on the left 
side is cut by divisional planes into oblique cuboidal blocks, 
and is called, in the absence of better, a ''building stone," 
from the ease with which it could be quarried. It is also 
schistose, made up largely of quartz grains which are coarse, 
mingled with fine, glittering flakes that may be talc or mica. 
The greenish color of the whole stone, on fresh fracture, 
gives the rock a talcose character, although there are also 
occasional black scales that are plainly micaceous. The most 
frequent divisional planes here, causing the slaty or schis 
tose structure, run about NE. and SW., and slope at an 
angle of about 2o degrees below the horizon, toward the SE. 
This rock might be denominated a schistose and talcose 
quartzite. 

At Redwood Palls the granite is overlain by tlie kaolin, 
which has been mentioned, presi^iting, in connection with 
this substance, a very interesting series of exposures, and 
suggesting very interesting questions both economical and 
scientific. About a mile below the village, on the left bank 
of the river, is a conspicuous white blulT,* composed of 
white kaolin clay. Near the top of this blufl", where the 
rains wash it, it is silvery white, and that color is spread 
over much of the lower portions, though the mass of the 
lower part is more stained with iron, having also a dull green- 
ish tinge. The white glossy coating which appears like the 
result of washings by rains, is spread over the perpendicu- 
lar sides. On breaking off this glossy coating, which is 
sometimes half an inch thick, the mass appears indistinctly 
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bedded hoiizontally, but contains hard lumps and irony de- 
posits. Further down, the iron becomes more frequent, 
and gritty particles like quartz impede the edge of a knife. 
The bedding also is lost, and the closest inspection reveals 
no bedding. Yet there is, even then, a sloaping striation 
or arrangement of lines visible in some places on the fresh 
surface, that corresponds in direction with the direction. of 
the principal cleavage plane of the talcose and quartzitic 
slate alreiidy described. In other places this arrangement 
is not seen, but the mass crumbles out in angular pieces 
which are superficially stained with iron. The profile of 
the bluff hero presents a singular isolated knob or buttress 
that rises boldly from the very river, connected with the 
main bank by a narrow edge along which a man cannot 
walk with safety. On either side of this bold promontory 
are retreating angles in the bluff along which a descent can 
be made. A careful inspection of these ravines and of the 
adjoining bluffs affords indubitable proof that this material, 
white and impalpable as it is, results from a change in the 
underlying granitic rocks. 

Just above this point, is another exposure. It here sup 
l)lies what is locally known as the ** paint rock,'' from an 
enterprise* started several years ago in manufacture of 
mineral paint from this material. The decomposed granite 
here has very much the same appearance as the kaolin, 
already described, at Birch Coolie, but contains more quartz, 
and is more stained with iron. It has a greenish color, but 
within might Ije blue. It passes upward into the greenish, 
and then white, kaolin clay aln^iuly described, but it stands 
out in a crumbling, rusty buttress, exposed to the weather, 
and has ciuartzitic veins and concretions, iron-coated, and 
often an impure iron ore in considerable quantities. Itshows 
silver}'' or shining talcoso Hakes, the same as seen in the 
so-called building rock, a short distance below the mill of 
Rirum brothers. 

A short distance above this, nearly opposite Redwood 
Falls, is situated the rock which was quarried for the manu- 
facture of paint. ^J'his has in every respect the same char- 
acter and composition as that last described. It consists of 
a perpendicular bluff or point, standing out from a lower 
talus that rises about 7,") feet above the river, to the hight of 
75 feet more. On the top of this is the drift-clay hardpan, 
covered by four or five feet of sand and gravel, the whole 
bluff being about 150 feet above the river. This bold bluff, or 
promontory, stands betw(fen reentrant angles, its face fall- 
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ing down sheer thirty or forty feet. There is here visible 
an irregular slaty or cleava«^o structure in the rock, that at 
a distance has the appearance of dip toward the S. E. 30''. 
This also contains quartz veins and deposits, accompanied 
by iron, in some places too abundantly to allow of being 
cut with a knife, though very much of it can be easily 
shaped with a knife. It shows '*slickensides,'' or surfaces 
that seem to have been rubbed violently against each other, 
causing a scratched and smoothed appearance, even within 
the body of the bluff. These surfaces are concave or curv- 
ing, like putty hardened after being pressed through a 
crevice. 

Between Beaver Falls and Vicksburg the granitic rocks 
appear almost constantly in sight, rising in mounds or bald 
irregular slopes, along the river bottoms, reaching occasion- 
ally as high as the river bluffs. For some distance above 
Beaver Falls, a ridge of granitic rock, running along within 
the bluffs, divides the channel into two parts, both of which 
are sometimes occupied by water, no such rock, nor any 
other, being visible in the bluffs themselves. 

At eight miles above Beaver Falls such rock occurs in 
great force in the river bottoms, giving the appearance of 
a village, at a distance, partly hid by the scant foliage. 
Here it occupies the whole valley, spurs running in either 
direction into the river bluffs. 

At \ricksburg the river bottoms are crowded with granite 
mounds and hills, some of them holding large blocks of 
hornblende schist that lie in stfti, the transition fromgranit^i 
to ,schist being very abrupt. 

After pa^ssing Patterson's rapids (T. 114, o7), the next im- 
).>ortant granite exposure noted was at Minnesota Falls, 
situated in the north part of town 115, range ^9, although 
small mounds of granite occur for three mihis below. Here 
the river bottoms are occupied by a schistose granite, which 
splits up conveniently for foundation stone. The change 
in the character of the rock is evident in the generally turfed 
condition of the mounds. The rock is here intersected by 
veins of quartz and trap dykes, the latter being traceable 
across the valley for half a mile, running N. E. and S. W. 
This trap is heavy and dark green, w^ith some shining faces 
on the hornblende, when freshly broken. In higher levels, 
and apparently overlying this bedded .schistose granite, is a 
compact hard-weathering granite. It is of a gray or greon- 
ish-gray color much re.sembling the St. Cloud granite. The 
n>ck at Minnesota Palls dilfers very noticeably from anv 
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observed in the river valley at lower points. It is bedded, 
and has a strong dip towards the S. E. 

At a jK)ints a short distance from the river, up a little 
ravine, that joins the Minnesota, opposite Austin and Wor- 
den's flouring mill at Minnesota Palls, the mineral already 
described as kaolin, or *• paint rock,'' may be seen. This 
decomposing granite here holds quartz veins and deposits; 
which being coated with a lustrous black mineral, or hold- 
ing it in sheltered angles or cavities, has attracted the atten- 
tion of the settlers, who have regarded it as possibly an ore 
of silver or of copper. This mineral has a dark, brown 
powder. When in the form of films or sheets, or larger 
globules, it parts with a specular cleavage. In some places 
a considerable iron rust is seen in this quartz, and in others 
drusy or peppery crystals, as if of the same composition, are 
scattered over the surface, making it appear specked under 
the glass. These fine crystals make a lighter powder. 
Prof. Peckham pronounces this mineral to be hematite iron 
ore. It is specular. 

The valley all the way between Minnesota Falls and 
Granite Falls is about two miles wide, and presents a singu- 
lar billowy i)rospect, of granitic knobs, rising and falling on 
all sides, the river worming its way among them and having 
frequent rapids and water- falls, useful for mill privileges. 
At Granite Falls, as at Minnesota Falls, and all the way be- 
tween, the rock in the valley is a schistose granite, almost a 
mica schist; but it varies to a hard gray granite that resem- 
bles that at St. Cloud both in color and composition. This, 
however, forms but a small ])arl, the greater portion bein 
schistose or laminated. It also varies to a red granite, i. e. 
one in which there are evident flesh-colored crystals of feld- 
spar. These two variations do not seem to lie with any as 
certainable fixed relaticm of superposition to the schistose or 
bedded granite, but rise in knobs and irregular masses 
higher in the valley than that. They are not wooded, nor 
turfed, the schistose granite which more easily decomposes 
being generally turfed. 

The most marked peculiarity of the granite at this place 
is its constant dij) toward the S. E. This has been observed 
at several other points before reaching Granite Falls, but 
some uncertainty has generally existed in regard to the true 
character of th(^ lamination s(^en. and it has not been spoken 
of as dip. Although the usual direction of inclination is 
toward the S. E.. it varies, at (Jranite Falls, from S. E. to 
N. E. It amounts to -5 degrees, but sometimes reaches 40 
degrees. At one place at Granite Falls the rock dips to 
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the north for some distance. The red and ^viiy colors are 
variously mingled, without any apparent law of association 
or alternation. Although the patches of more massive and 
typical granite are suitable for a line building material, 
they still show the same dip toward the S. hi, and are 
distinctly bedded throughout. These hard knobs rise from 
ten to twenty feet above the general level of the other gran- 
ite, and show various effects of running water. 

The trap dykes, the direction of which is shown by the 
adjoined diagram, occur in the river bottoms, about a mile 
above Granite Falls. 

Tmp dykf'S «/ Granilc Fnlh. 

Jkdiled U ramie. Dip irreqular. 

Trap dykt, 20 ft. 

Granite^ dip unascertainable, 34 /^ 

y.E. — — — ^ s.n' 

Gnenstone trap dyke, 48 ft. 
Granite, dip S.E. 

There are sudden changes in the rock from real granite 
to homblendic schist. These occur irregularly. A change 
like this gives rise to the w^aterfall near the flouring mill of 
Hon. Henry Hill, the fall being due to the greater resistance 
of the harder rock. The trap dykes above mentioned also 
cause rapids and waterfalls where they cross the river. 

Between Granite Palls and Montevideo, at the mouth of 
the Chippewa river, the granite occasionally appears in the 
river bottoms. It was noticed at a point six miles below 
Montevideo, on the north side. The bedding, supposed to 
be due to original sedimentation, still dips to the east. It 
appears sometimes to stand nearly vertical. At this place 
occurs a belt or bed of hornblendic schist. 

At two miles below Montevideo, is a conspicuous outcrop 
of compact hard granite, of a red color, lying mainly on the 
north side of the river, in the bottoms. 'J'his has the same 
dip, viz., 30 or Ii5 degrees to the southeast. The beds here 
regarded as representing dip. and at other points mention- 
ed, should be further described. They are in thickness \ 
to 2 or three inches, or they seem sometimes to be a foot or 
two. When weathered they appear thinner, and the granite 
then sometimes presents a slaty structure, the edges stand, 
ing out sharply at the angle of dip. At Minnesota Palls 
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and from there to Granite Falls, these beds are so niicaceou.> 
as to make what has been termed a schistose granite, the 
whole mass beconiin*:^ easily disrupted by frost and water, 
and then turfed over. But at this place the beds are closely 
compacted, and the whole is almost massive. The thick- 
ness of the bedding can easily be seen, however, in the oc- 
casional thin sheets that part from the knobs, or in the stri- 
ations that mark the faces of the watcjr worn, bald knobs. 
Although thes(» knobs rise at irregular intervals, and are 
variously situated with reference to each other, having 
sloughs botwe(Mi them, yet they are arranged somewhat in 
succession in ()n(» direction, making rows or almost some- 
what continuous ridges, running parallel in the direction of 
the strike, N.E. andS. \V.. which of themselves indicate a 
system ol* bedding. On a weathered cross-section of the 
bedding, the marks of striationor .sedimentation often show 
a wavy arrangcMnent, or distorted jjarallelism, and some- 
times they vanish and widen alternately. The dip meas- 
ured in one* place is here ^)H'-\ 10^ east of south. At another 
point very near the last, it is ^5*- in the sime direction. 
This granite has the color and apparent composition of that 
seen below fori liidgely. 

This granite shows occasionally a knob of hornblendic 
schist, rising among the granite mounds, having very much 
the form, di]) and bedding of the granite. 

There is also occasionally a mound or dyke of trap, or 
greenstone, s[)lit int*) shai)eless blocks under the weather, 
the pianos <;!' division running in various directions. These 
have no bedding, nor dip, but are very heavy, and uniform- 
ly of a dark green color. They do not disturb the uniform- 
ity of dip in the granite. 

The, following diagram will exhibit sonw. of the features 
of the granite as »'.\])ose(l two miles below Montevideo: 
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Orauiff two milrH hfloir Monlcridro^ Chippefca Co. 












The change in the direction of dip in the granite here 
sketched is rather less sudden than here represented. The 
seatn, or joint, marking the point of contact of the beds dip 
ping in different directions, is very much covered with turf, 
and the manner of union cannot be ascertained definitely, 
but on the face of the blutT (strike) then* is no apparent 
disturbance or irregularity. 

A belt or wedge shaped, lenticular mass of hornblendic 
schist occurs in the granit^:^ here described, on the land of 
Mrs. E, A. Hull, having a more easterly dip, and running 
N. W. and S. E. It is 1*0 rods long, and from I'O ft. to 6 
rods wide. Its dimensions and form cannot be fully and 
exactly seen. It appears in low knobs much like the gran- 
ite, and the intervals of non-exposure are grassy. 

Mr. L. R. Moyer, county surveyor of Chippewa county. 
re])orts granite on tlie prairie, throe miles east of Montevideo, 
and in the Minnesota bottoms, a mile above Montevideo. 

Near the lower end of Lacqui-parle lake, granite appeal's 
on boih sides of the lake. It is nsuallv inaccessible from 
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the prevalence of water; but in the dry months of the year 
it can bo reached on the north side without any trouble, 
except from tall grass and bushes. There are three or four 
small bare spots on the south shore that can be seen, and 
three or four others that rise up in the midst of the lake. 
Two of these spots of bare rock also occur on the north 
side, near the foot of the lake. This rock, so far as can be 
seen on the north side, shows very much the same composi- 
tion as further down the river. It contains quartz, mica and 
flesh-colored feldspar, with patches and veins of quartz, 
some of which arc mingled with porphyritic feldspar. The 
exposed surfaces are annually submerged, or nearly so, and 
do not exhibit very plainly such markings as indicate sedi- 
mentation or dip. There seems to be an indistinct arrange- 
ment of the mica scales, so as to give the rock a schistose 
structure, but this, although generally running N. E. and 
S. W., does not have that direction invariably, and does not 
at all represent the lamination or bedding seen below and 
already described. In only one small area can there be seen 
what looks like the same bedding, and there it is but six 
inches in thickness, the beds being one or two or three 
inches, with a dij) of 75 ' toward the S. E. Jointing planes 
divide the whole mass into blocks and rhombs, four or five 
or six feet in thickness. There is considerable low land 
about the lake, much of which is flooded at the wet season 
of the year, but it is stony and bushy, and has the ajjpear- 
ance of rock in a groat many places near the surface. Such 
appearances are seen the whole length of the lake, and 
especially on the north side. About three miles above the 
foot of the lake, rock can be seen on the south side at two 
points, rising plainly above the general level of the bottoms, 
and ascending in the slope from thei^rairie. Such exposures 
continue to near the head of the little lake in T. 120, R. 4-1, 
where granite appears in several pliices on the south side of 
the river. 

Further up the river, near where it enters T. 120, R. 44, 
may be seen a large exposure of coarse granite. The crys- 
tals of feldspar aro large and flesh- colored, or red. Yet the 
granite also varies to a lighter color, in which the feldspar 
is nearly white. It shows, in the latter case, a j)erpendicu- 
lar jointing, the planes being one or two or three inches 
apart. The whole exposure consists of bare, massive, 
rounded knobs, cut into angular rhomboidal blocks, by 
jointing planes, but in no ]ilaco showing the di]) seen lower 
down the Minnesota rivt'r. 
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Granite also outcrops about three-quarters of a inilo above 
Mr. F. Frankhouse's, or* ihe south side of the river, two 
miles above the last. 

Red granite also appears about a mile further up. in the 
river bottoms, near Mr. W. Movius' house, presenting an 
irregular exterior, showing no dip, although there are here 
also conspicuous jointing planes. This is about three-fourths 
of a mile above the mouth of the Yellow Banks creek. Op- 
posite Mr. Movius'. on the south side, in the bottoms, may 
be seen another similar granite mound. 

At three miles below the foot of Big Stone lake, there is 
a tumultuous outcrop of red jrranite, ext;ending to the lake, 
on both sides of the river. This shows planed and striated 
surfaces on a grand scale. These marks have a N.W. and 
S.E. direction (corrected for variation), or that, in general, 
of the Minne.sola valley. The whole r<jck. including the 
upper surfaces and the sides of the mounds, is planed olT. 
The best exhibition of these markings is seen on the north- 
western slopes, in which direction there is a system of joint- 
ing planes, dividing the granite into blocks that have at first 
sight a strong semblance of dip, the masses breaking off 
more nearly at right angles on the southeast side. This is 
a coarse, red granite, with large crystals of feldspar. The 
following diagram illustrators the effect of the jointing in the 
rock, ac^ted upon by glacial forces from the northwest. 



Joiikiiiuj ami (jUiciatiou (li />'/// SUmr lake. 




Above the foot of Big Stone lake there is no known out- 
crop of granite throughout its extent. Cretaceous rocks 
constitute the only outcrops. These are seen sometimes in 
the little creeks that enter it, and are outlined as terraces 
on its banks. 

The examiners of the land of the Winona and St. Peter 
R. R. report granite in situ, on the prairie*. T. 113. R. 43, 
.sec. 17, and T. 113. R. 39. see. 2\\. 
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Further examination of the granitic belt was made at Sauk 
Rapids and St. Cloud, for the purpose of comparison with 
the si"ii^ites of the Minnesota valley, and with a view to 
some parallelization; but as that region will undergo a more 
detailed survey, and no results were obtained bearing oii 
the subject of the relative age of the rocks at that place and 
the granite of the Minnesota valley, those observations are 
reserved for future comparisons. 

(j ) THE CKETACKOUS. 

In the progress of the seasons work, the first point at 
whicli these rocks wore seen was in Dakota county. At 
Empire City, where the highway crosses the Vermilion, sec. 
24, T. 114, K. 19, the river is handsomely terraced. The 
vallev between the lowest bencrhes that rise on each side is 
from one to two miles wide. The first terrace is very con- 
spicuous in th(j tre(»less landscape, and consists superficially 
of coarse drift. Its crest is gently I'ounded off. It is oceu 
pied with fine farms. The .same is true of the land lying 
along its base, which might bo callod the flood plain of the 
river, ^'ot it is probable the river never floods the greater 
part of it. Some of this plain is wet and grassy, making 
fine uK^adow land, and other parts of it are i)lowed for wheat. 
The first tt^rracf^ seems sometimes broken, about mid\va3^ 
into two ton*aces. the cronstancy of which could not, how- 
ever, bo discovered. It is subject to numerous re-entrant 
bends and other sinuosities, the iioints intervening being 
stony and only fit for l)asturag(^ The pebbles are generally 
quartzitic, and lie very thick on the surface. They are 
rounded as by water. Tlio bight of this terrace above the 
rivei-. measured bv Mr. Furbor bv Locke's level, was found 
to be >^1 ft. i\ in. Abovt* tliis terrace there is a further 
ascent to the level of the goneral prairie. What part tht* 
St. Peter sandstone, which forms /oiw rock a short distance 
north, and sliows an outcrop in tli(» valley a short distance 
u]) th(^ riv«.u\ plays in the 1V)rmation of this terraced slopo 
to tlio Vermilion, cannot bo certainly ascertained, but it 
probably is very small. The Cn*taceous cla3-s and .shales, 
with their associated loo.so sandstones, however, are per- 
f(»ctly adapted to the formation of terraciis along streams, 
as has been, and will be further mentioned in describing the 
Minnesota valUn', and thov are bolitnod to be the .sole cause 
of tiiesi? terraces. If th(* i-oador wislies to investigate this 
subject further, ho i> J•ef^'rr^Ml tn tiios(» chapters and para- 
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graphs that describe the terraces of the Minnesota, and 
discuss the drift and its ])henomena. This assignment of 
these terraces to the agency of the stratified deposits of the 
Cretaceous does not rest on bare opinion. The Cretaceous 
clay was seen iji outcrop near the bridge over the Vermilion 
near Empire City. The destructible nature of these beds 
causes them to be covered by loose materials, which, after 
the lapse of time, spread over tlie entire surface, and 
superficially appear to compose the whole substructure. 
The beds themselves are thus only outlined in the form 
of terraces. 

In ascending the Minnesota valley the tirst point at which 
the Cretaceous was indentified, so far as it can be without 
the aid of fossils, is at the Asylum farm, near St. Peter, in 
Nicollet county. It lies here in the watei'-worn openings of 
the Shakopee limestone. It is a white, or greenish-white 
deposit, holding much sand. It has a great many Hinty 
fragments, and some siliceous limestcme lumps. The latter 
are rounded, but the former are angular. The lumps are 
porous, crystalline, hard, and gray or \vhit(». No fossils 
can be seen, and no stratification. It seems rather to have 
been jammed into the openings in the Shakopee stone. A 
similar exposure, presenting tiie same characters, occurs 
across the river from St. Peter, and about a mile toward 
Kasota. in a bluff by the side of the road. 

A heavy bed of white sand. whic>h has been described as 
probably belonging to the St. Peter sandstone (p. 134), oc- 
curs on the Blue Earth and its tributaries. It is as.sociated 
with an impure iron ore. and with light green shale, but its 
exact relation to them has not been ascertained. It may 
belong to the Cretaceous. 

At Mankato, in Blue Earth county, a series of very inter- 
esting observations was made on the Cretaceous, throwing 
some light on the history of that i)eriod of submergence 
which brought the most of Minnesota below the ocean. 
Where the road to South Bend crosses the Bluos Earth, on 
the east side of the bridge, is a cut in greenish clay, by the 
side of the road. This deposit ot clay li«?s in a nook along- 
side the bluff of Lower Silurian, and doubtless was protected 
from destruction in the glacial period by that blutT. It is 
covered with drift, and at one place occupies a cleft in the 
Silurian rock, running nearly to \\\k) surface of th(» gj-ound 
at the top of the bluff. Its position here, and as repn\sented 
in the following sk(»tch. is very dcce[)tivt\ It a[)pears v(»ry 
much as if in place in the Shakop(H» stone, but the beds of 
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that Stone holtl as low a place, liorizontally, a little further 
to the left, as this clay. The bluff of Lower Silurian can 
be seen to disappear behind the clay, in some places the 
clay being removed so as to show die bluff at lower points 
than at others. There is every indication that this deposit 
is of small extent. 

The (.'rfltic^otis, <d Mniilinh. 




Ji^pltiii'iiioii. 
11. Shaki.iiM;t" Liniestimi'. 

h. Itcddwl, f;ri'i;nish i-liiy. woKlhcrliiK whit.-, but liltlr sandy. 
I". Sandy, iK'rtdcd jtriH-nlMli clay, 
d. Drift, mostly coarrit; frapmonts 'if Shakopu' Limpstomi. 

Passing along the right bank of the Blue Earth river from 
the highway to the railroad bridge, we come to a cut in the 
Shakopee stone. This is in the same hori/^n as that just 
described, and shows mom fully the manner of superposition 
of the Crotacoons on the Hilurian rocks. This cut is per- 
haps 70 feet above the rivi>r, the bank of which is composed 
entirely of rock, tlie lower portion of which is the Jordan 
Sandstone, and the upper, the Shakopee limestone, the 
latter comj>nsing about 20 feot. In general this railroad 
cut shows a mixture of Cnstaccous clay with the Lower 
Silurian, the top of the whole being thinly and irregularly 
covered over and thinked up with coarse drift. The Lower 
Silurian is more or less broken and tilted, at least the bed- 
ding seems to have been cnt out into huge blocks by divi- 
sional planes, which, either by weathering or water-wearing, 
were widened, the blocks themselves being subsequently 
thi-own to some tixtent from their horizoiitality, tipping in 
all directions. The o])ene(l crarks and seams were then 
filled with th«.i Cretaceous clay, which is dei)0sited between 
these loosened mas.ses, and sometimes even to the depth of 
twenty feet below the general surface of the top of the i-ock. 
The clay sometimes occupies nooks and rounded angles, 
sometimes .sheltered /w/dir heavy masses of the Silurian beds. 
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The clay is uniformly bedded, about horizontally, with some 
slope in accordance with the surface on which the sedimen- 
tation took place. But the most interesting and important 
feature is Ike condition of these old Sihtri(ui surfaces. They 
are rounded by the action of water, evidently waves. The 
cavities and porous spots are more deeply eroded, making 
little pits on the face of the rock; or along the lines of sec- 
tion of the sedimentation planes with the eroded surface, 
there are furrows due to the great.er effect of water. The 
rounded surface of these huge masses of Lower Silurian is 
coated with a thickness of about a half inch, or an inch and 
a half, of iron ore, which scales off easily, and is easily 
broken by the hammer. While this scale of iron ore is 
thicker near the top and on the upper surfaces of the blocks, 
yet it runs down between the Cretaceous clay and the body 
of the rock, so as to prove its date older than the clay. The 
conclusions that must be drawn from this observation are 
about as follows: 

1st. The Silurian rocks were long weathered, and washed 
clean, even water- worn and rounded, at this place, when 
they went below the Cretaceous ocean. Nothing intervenes 
between their iron stained surfaces and the clay. 

2nd. This point seems to have boon on or near the 
ancient shore line, where the violence of the waves was 
great. These rounded knobs could not have received their 
coating of iron if constantly submerged. The iron indicates 
the action of atmospheric gases on iron hold in solution in 
water, as a bog ore formation. 

3rd. The Cretaceous clay here, whatever be its place in 
the Cretaceous age, was deposited in a quiet ocean. 

4t.h. This bluff", facing to the south, or south-east, like 
that at Mankato, indicates the approach of the Cretaceous 
ocean from that direction, though this may have been only 
a reef, or an island, just before the further submergence. 

5th. There may have been, and was probably, a further 
deposition of clay of the Cretaceous age which was destroy- 
ed and transported by the drift period, at this place. 

6th. The drift succeeded, and was not violent enough 
in its forces to disturb those tilted and waterworn masses 
of Lower Silurian limestone, so but that their old surfaces 
abut still unconformably against the Cretaceous clay. 

7th. The Cretaceous sea must have advanced slowly 
over the Silurian rocks. These washed surfaces could not 
have been produced when the sou was retiring, else the 
Cretaceous sea would have washed out the clay. Further 
the clay lies directly in contact with those surfa<-os. 
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Kill. The Cretaceous sea must have goae farther north 
aod east so as to dooply submerge these disturbed masses, 
in order to have dejwsited such fine sediment in their crev- 
ices. 

yth. While the washed surfaces indicate a shore line, or 
a reef, the clay proves deep submergence. 

10th. Tht! Cretaceous sea must have retired rapidly, so as 
to give no opportunity to wash out the clay. 

nth. These washed surfaces must have been produced a.s 
the sea was advancing. 

12lh. While it is certain that the Cretaceous sea ad- 
vanced slowly on the land, it i.s notcei*tain that it retired 
rapidly. Tlie clay existing there may have been protected 
from the rotiring shore waves by superimposed beds hun- 
dreds of feet thick -such higher beds having been subse- 
quently removed by the drift forces: but it is likely thai 
drift forces tliat were able to dfjstroy so much Cretaceous, 
would also so have disturbed the Silurian masses as to leave 
no trace of the clay, or even to have transi»orted away the 
Silurian masses themselves Hence it is probable thai 
there was but littk' Cretaceous deposited over the remain- 
ing clay, and tha". the sea rctiri'd rapidly. 

The adjoining .■<ket<'hes will give a better idea of tlie posi- 
tion of tlie C re tar CO Us, willi rc^pi'd to the Silurian. 
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On see. 2r», T. 108, K. '2H. (as nearly as (-an l«' made oul)- 
is an exposure or Cretat^oous clay. The bank of the fli»o(i 
plain of the river is made up. almost overywhere, of sandy, 
more or less stratified, alluvium. But here, although having 
about the same highl. it is made up almost entirely of a 
mass of large, water-washed fragmGnls of conglomeritic 
sandstone, which lie in confusiuii, some having fallen down 
into the water. They are underlain by a tine blue clay, 
without gravel or pebbles, belonging to the Cretaceous. 
Hence the sandstone or conglomerate jiiecos aie not in silii. 
but pertain to the drift Sometimes a layer of drift-pebblos 
and cobble-stones, about three inches thick, separates them 
/rom the clay. These large masses are ■* or V2 feet long, 
and 5 or (> feet thick, and are scattere<l in talus over Ihe 
C'retact'ous clay, even into the river. 

Dr. B. P. Shumard, in his ivj)ort on the Minnusota valley. 
has mentioned an outcrop of f'ormtilioii 1 i-iipiwil irilh nlionl 
25 /pet of 'jrufi. coiirrefioitarif limcstoin: about two miles 
below the mouth of the Waraju. and describes it as liaving 
disseminated crystals of calcareous spar. His analysis 
shorrs it to hold 90 per cent, of (•ni-bf>nati' of lime. A 
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very long search was made for this exposure in the season 
of 1873. It could not be found — that is to say, nothing 
could be found pertaining to the 'Silurian rocks. A sand- 
stone was seen in outcrop on sec. 10, T. 109, R. 29, on the 
north side of the river, in Nicollet county, quarried a little 
by Wm. Fritz, which proved to pertain to the Cretaceous, 
holding dicotyledonous leaves and branches. It consists of 
alternating layers of friable sand with angular shapes, but 
little rounded by attrition, and hard, cemented gray sand- 
stone, which is sometimes coarse enough to be styled con- 
glomeritic. The section here is as follows, the upper mem- 
bers being somewhat displaced by the washing out of the 
friable lavers. 

Section in Crctdceons sandsfonr. Land of Wm. Ft Hz, 
sec, 10, T, 109, i?. 1>9, Nicollef Co, 

Nf. 1. JIard. jjray sandstono, rustod in the weather, and 
checkinj; into bods of about four inches,— some- 
times one or two Inches 18 in. 

No. 2. Friable white sand 10 in. 

No. 3. One course of jijrav sandstoue,of variable \ hickness 1-3 ft. 

No. 4. White sand 6 in. 

No. 5. Gray sandstone, quarrying out in layers 6-10 inches 
thick, but in the quarry appearing massive; very 
hard, the cement appearing U) be silica. It con- 
tains fragments of wood, charcoal and angiosper- 
mous leaves. Its under surface is undulatory, its 
thickness varying from 3-6 ft. 

No. (5. White, friable sand, si^en 3 ft. 

This whole ([uarry lies perhaps 3;') or 40 feet above the 
river, and 40 or r)0 rods from it. The persistency of this 
group of layers is evidenced along here by their forming a 
little terrace above the bottoms, which rises about 25 feet, 
and is visible for more than a mile. Pieces of this stone 
had been seen at lower points on the river, said to havo 
been taken from the beds in sifn, but it had been impossible 
to find those beds. One such place was at Mr. E. Rowe's. 
on sec. -3, T. 100, K. 20, on the south side of the river. 

Four miles below New Ulm, on the south side of the river, 
is a blufY made up of Cretaceous, on the land of John Grue- 
bel, as follows: 

Section on sec. l\ T. 100, Ji. 30. 

No. 1. Hlack alluvium 2 ft. 

Passing b<'low into 
No. 2. Clayt\v alluvium, of a light-^mwn cfAur 4i ft. 
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No. 3. Red day, coatalninjj some sandstone in masses: strati fl(?d 2i ft. 

No. 4. Belt of greenish, sandy clay 1 ft . 

Passing into— 

No. 5. Sandy clay, of a light uml)er color H ft. 

No. 6. B^Klded sandy clay, of an earth color, (same as No. 2)... . 2 ft. 

No. 7. Greenish sand, the color coming from the mixture of 
green shale with the sand, the grains of sand being 
white <iuartz 2 in. 

No. y. White sandstone, in one bed, or weathering Into beds 

of two inches 1 ft. 

No. 9. Green bedded shale, or clay, with some tine .sand grains, 
and some laminations or thick beds that are all white 
sand, but generally maintaining a green color, seen. . . 18 ft. 

No.lO. Slope and talus 10 ft. 

The bedding seen in the foregoing .section is horizontal. 
and shows no fossils. Although there is no opportunity at 
this place to determine whether this series of shales lies 
above or below the sandstone at Fritz's, by an observation 
made in the bank of the road at the crossing of the Waraju, 
it is believed to overlie that sandstone, but to underlie a 
series of calcareous beds that appear in the right bank of the 
river, about a mile below the mouth of the Waraju. The 
colors near the top of the foregoing section exchange places 
a little, in following the blulf along, drift boulders and 
gravel occupying the place of clay, in No. 3. In some 
places the red, irony stain passes down lower. It is likely 
that the red, brown and ochery colors are due to ferriferous 
waters, since the deposit of the Cretaceous, and to oxygen in 
the air. Hence it is not certain that the drift exteiids through 
the whole of No. 8, although drift boulders are mixed witli 
it. or replace it, in some places. When evenly bedded and 
free from boulders, it undoubtedly belongs to the Cretaceous, 
the drift stopx)ing w^ith No. 2. When it is replaced by 
boulders, the Cretaceous is only so much the more worn 
away, the color perviwling them, or passing down to lower 
beds. 

Prom the mouth of the Waraju going down the right 
bank of the Minnesota, a regular terrace is seen to rise sev- 
eral feet above the flood plain. About a mile down, this 
terrace shows its origin and composition, in the banks of a 
ravine which cuts it. (See map of this locality, page 157.) 
Before reaching that point, however, an outcrop of •*gray 
concretionary limestone" is seen on the top of the terrace* 
plateau. This limestone here is overlain by a couple of 
feet of water-washed limestone, gravel and cobble-stones, 
mixed toward the top with the usual black alluvium. The 
appearance of the quarried stone is like driff pieces, and the 
bed from which it is taken is intersected variously with 
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divisional pianos, cutting Uie mass into irregular fragments, 
which, on bein<? takon out, appear weathered. Yet there 
are crystal lin(»d cavities, some parts of it being mostly 
mado up of calc-spar. Since the formation of the crystals, 
calcareous \vator has a«rain dt»posited lime on the edges of 
the crystals, which, having tirst been of the thin (axe- 
shaped) variety, have now the appearance of separate but 
crow-dod cock's combs, thi? little, beaded accretions of lime 
being arranged on ilic»ir odges. There is also a consider- 
able quantity of uncrystallizod lime on other surfaces. Tho 
interior of tin? stone is of a light gray or drab color, 
and when (•omi)act and fnnj from crystals, is very fine 
grained. It is said to make a white, strong quicklime, of 
which there can be no doubt. This limestone outcrop, which 
shows only about 10 inches, is within a mile of the red 
quartzite outcrop uoav New rim, the bare bald surfaces of 
w-hich are visiblo, from this point, on the other side of tho 
Minnesota. 

A little* l)cl()W thi» last described exposure, is Mr. VVni. 
Wink(?lmann\s limekiln and (juarry. The stone here burned 
is in the same lijrizon, and conu»s from the banks of a ravine 
that her(» e,nters the Minnesota. The limestone is much 
mixed, confusedly, with shale, but the following general 
section can l)e made out. in which no fossils were seen: 

Srr/i(nt (// H ///. WinLrlnKuiii's. iirnr Xeir Chif^ In 

No. 1. .Mliiviuiii ainMxnildiT'- 2 ft. 

No. 2. Orron ^h!il«', iiih'rstnitill«*(| with 1m';i<;iih1 irn'>;ular no- 

(luli's or iniisNi's (if ^rray linn'stnih' 15 ft. 

No. :i. (Jn-iTi slial.' 1 ft. 

"No. 4. Whit*' sirid, v.irvinir !«• ^r,.,.,.„ .^linl,. 14 1'^ 

No. 5. (JnM'n <'lav 2 ft 

No. ti, Calrarcous shal«'. or marl, wil h ^nini';ir;:illac»M!u> niatttT ."> ft 
No. 7. (In'i'n shall', or f.av. with l»liiii-lii'> '.I r-'Ml. ««tM'n i ft. 



Total 27ni. 

The ^ame kind of gr'e<'nisli maii i< «*xpo>e(l up the Waraju, 
the immediate* blulls beinii- .som«'what wrought in it, to a 
point just back of New rim, when' the bank is opened by 
Mr. Winktdmann for layinir |>ip»'s to ^^upply his machinery 
and brickyard. TIk* tn.mcli wliieli lie has dug pas.ses 
through it just before? n^acliiiii-r the nanlc of the Waraju river. 
The flat on whi^.h N(»w Ulm ^^tan(ls seen)s to be made up by 
a terrace* wrought in the ('ri'tnceoim. Tin- •surface of this 
flat is strewn with boulders. 
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Another creek joins the Minnesota nearly opposite the 
mouth of the Waraju, and also afords such exposures of the 
Cretaceous limestone as to invite the construction of lime- 
kilns. The sections here seen are not so favorable as that 
of Mr. Winkelmann, and contain more shale, some of which 
shows also a red color. In the shale are crvstals of selenite: 
exposed ten feet. The kilns at this place are owned by 
John Heiman and Francis Baasen. 

On the Waraju, about throe miles from New Ulm, Mr. 
Christan Dauffenbach has established a manufactory of fire- 
brick. He obtains the material from the left bank of the 
river, where the Cretaceous affords the foUowinf^ section: 

Section in Cretaceous on the W^aroju river. 

No. 1. Hard pan drift, made up of chiy and st(mi»s, soon about.. 30 ft. 

^0. 2. Whito sand, tho ape of which is uncertain, containing? 
irony concretions and deposits. It is somewhat indis- 
tinctly stratified obli<iuely, lil<e drift sand, and lias some 
c<»arse grains. 1 ts position i n reference to the overlying 
hardpan drift, together with its thickness and piin'ly 
white color, inrl icar.es its age to bo Cretaceous ' HX) ft. 

T^o. 3. Blue clay, containing somo siliceo-calcareous, irony 
lumps; said by Mr. DaulTenbach to hold some coal, mix- 
ed with No. 4 ff)r making lire-brick 4 ft. 

No. 4. Sandy marl, probably largely aluminous, pron(»unci!d a 
silicate of magnesia by tin* chi.'mist of the agricultural 
department at Washington. Il is white, and when lung 
submerged, soft and lluid-like. but when dry has to bi' 
quarried by blasting. This, mixed at the rate of two- 
thirds, with (»ne-tliird fjf No. 3, makes a tlno whil«*.tln- 
brick— seen 12 ft. 



Total bight of blulT 14ti ft. 

The above section varies in short intervals. In connec- 
tion with others seen at New Ulm, it shows how careful 
geologists mast be in altributin<r to drift all that is found 
before striking the Indurated rock. 

Under the guidance of Mr. Dautfenbach, about half a 
mile further up the river, a sandstone* outcrop was encoun- 
tered. It rises in a blulT immediately from the wat(n\ on 
the opposite side of the river. In this sandstone, whicth 
here appears firm and massive, and which is probably the 
equivalent of No. 1\ of the foregoin*^ section, are many 
irony mud balls, or concretions, having a fancied r(\sem- 
blance to plums or bananas. They vary in shapo and size. 
They have been gathered as fossil **fruits," and .sent east as 
rare curiosities. 
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The general section of the Cretaceous at New Ulm is as 
follows : 

No 1. Drift, jrravt.?! and bouklors. with a surface-loam in 

some places, or lari^fly made up of sand 10 to 20 ft. 

No. ± Fine clay, bluo, bediled, wwitherin^ white, used for 

pottery or brick 4 to 10 ft. 

No. .*J. Sand <»r lino irravel. n(»t cemented, readily crumbling, 
containing ma^nt'^ian balls, or rounded lumps made 
up of a line whit«' i»owd«'r— st?en 20 to 30 ft. 

The conspicuous t*retaceous terrace that occurs along the 
Minnesota at New Tlin, is due to this tine crumbling sand, 
overlain by a more teiuiceous clay or shale. The varying 
composition of the Cretaceous makes it difficult to establish 
the horizontality of ditTorent outcrops, but there cannot be 
much doubt that No. o above is the e(iuivalent of No. 2 of 
the secticm c)n the Waraju. 

In the -^outhwestorn part of T. 110, K. t31, is another im- 
portant (exposure* of lliTi Cr(»tacoous. It is in the banks of 
the Waraju, and consists of Vjlue clay, and is used by the 
potters botli at Maukato and New Ulm. That which is 
most liiKli'.V esteemed is taken from the right bank about 
40 f(»et ahovt} tli(^ river. It contains no gravel, nor any 
perceptible <rrit. It Is owned by Silas Barnard. 

A trial was made by Mr. H. U. Kaufer, potter at Man - 
kato, <»f a clay ()nl(!rop on the other sithj of the river, about 
a quarter of a inib' furtluM' up. Although this is about the 
.same altiiudt* above llii' river, and has outwardly the same 
general color and charaittoi', it is said to have proved unfit 
for pott.(»r's us(», owing to tin* <KHMirrenc(» of small, black, 
hard, i*ouglK*n<»d ])<'bbl(*s, that can he i)roken only with great 
pressure, ttalliMl ••sulphur halls " These small specks 
W(?ather black, and are doui)tless roni])os(»d of crystalline 
sulphun»t of iron. 

At Slei^py Kye, T. 110. \l :]± th.' Winona and St. Peter 
K. \i. Company arc* sinking a v.t'U for ai-tesian wat.er. At 
the depth of Uo fee: ihedi-il! had |»a>^sed through the fol- 
lowing section : 

Illaek l«»arn ."• (»r 6 feot. 

(fiavfliy. l)r.»\vii I'lay 2o ft'i't. 

(iravt'liy, h.ii'.' cl.iv 11.") foot. 

Snit. puipy, hliio «':m\. :h.ii ij- . '*•■•.. •^•••i M.-- :ii*iifi.u' 

Total (l.'i.tii I4:itVr1. 

In sinking a foruH.M' di'ill. a p.M* cet. (»» ,-..r.! \\asniet in the 
irravellv. blue clav. at the ii»'|:t!: <»!' 7.' (•.• *^!> feci. 
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The Cretaceous ajraiu (M-curs in tlic banks of Little Koclt 
(-reek, near fort Itidffi-l.v, and was at one lim** explorod 
there for coal. 

At a point two miles bdow tho Lower Sioux Afr''nfy. sec. 
10. T. 112. R ;t4. oti th(! north side <)r ihc Minnesota, a 
small creek joins tlii> rivci-. I7p this cri-ck. iihoul three- 
quarters of a mile from tlit! river blulTs. tin- CrelHceoiis 
appears in its banks. A c-^jnt-i-otionary marl, or apparently 
limy earth, of a white color, crumbles oni imdei' the pro- 
jecting turf. It appears in [raffmeiits of an ineh or two, or 
sometimes larjrer, with iin^nlHr oiillim'. Thr snrfiiees of 
these piiX-'OS show a frri-al number of nnind or oviil spots, or 
rin^s, which seem to iie formi^l by the si'ctioiis of eoneru- 
tions inclosed in the muss. It is niHier himl wlifu dry. and 
nearly while, [t is associated with a blut? i-kiy. the reialions 
of which cannot lien.' he madi'out. 

At a point a litlli^ fiii-ther up this crei'k apiioars a heavy 
deposit of (wnci'olioHary. rusty mnrl. or fi.'rro cak-ai-oous 
su)>stance, the exact composition and jiro[K>i- name of wliirh 
it is imix>ssible to ffive. before it has been chemically 
examined. It is in heavy beds, that fall olT in large frag- 
ments, like ro<^k. Tln' lirsi impression is that the blulf is 
compose<l of f(?rni<iiinnis con<rli>ni crate, Imt there is not a 
foreii^n pebble in it. Kvi-ry little rournt mass bus a thin 
shell which is easily l)roken. ri'vi-alinj; eillier a cavity or a 
loose, dry earth. These <ojicretions arc K'-n.-rally not more 
than 1-4 or 1 :; inch in diamett-r: >i't'n l^ fe<.t. I'nder this 
is the light. coiKTetionary clay or marl already d*'sc riliL'ii. 

At the Liower Agency an ex[)osiiri' of llie Cn'taceoiis <>(;- 
curs in the n>ad. seen in ch'scemling to tin- l'ei-ry. [| con- 
sists of a sandy marl, Iteds horizontal, or nearly so. 

In the banks of ('n)w creek, which enter,-; the Minnesola 
ii\ miles bfhiw lieilwo.Hl l-'alls. the ('r.'iac.'oit> b.ils aiv car 
bonaceous, and have been i-imsiilerably cvplon-il for coal, 
on the land of Ceorg." .fohnson. In 1-71. Win. II tirant. 
of St. Paul. en1>'r«il iipr)n a systi-nialic e\anilriati<>n of lliese 
layers, drifting into th.- >idr of tin- ravlrn- I'lio or iTjl) f.-i-t. 
This work is said lo liav.- rosi ahonl Al'.ihu), .\ similar 
•■coal niinn" was opened in the bank> ol" ihe lI'-iKvood, near 
ll(.-dwood Kails, wlieiv *.">.o'ni are said to Ijave lieei, e.vpi'mi 
ed in a like rrallle.ss attempi. T\)\\ coal is I'n.ni i>u<' of 
tlutse layers in tin- Cretaeenus ibai are u-uallv known a- 
ligniUiS. It is earlliy, iiassing soiueiinie^ imo a':rnnd eanne! 

cnal. or into a t>itiiminous clay. 'I'lje i-i>m| ; em I <oai 

is in detached Inmp^. and ueeur^ I lM'oiii.'lii nit a ban.] of aim:: i 
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four feet in thickness. This lignitic band was followed in 
drifting into the bank of Crow creek, and was found to 
divide by inters tratification with black clay, showing some 
leafy impressions and pieces of charcoal. 

The **coar' here is said to overlie a bed of lumpy, concre- 
tionary marl, similar to that described at two miles below 
the Lower Agency, or two and a half miles below Birch 
Coolie. In some of the concretions are small shining balls 
of pyrites, which the workmen treasured up as gold. Over 
the **coal" is a blue clay, requiring a timbered roof in the 
tunnel. This clay is likewise Cretaceous. The underlying 
lumi^y or concretionary white marl ]>ocomes siliceous, or 
even arenaceous, the concretions appearing more like chert. 
Some of it is also pebbly, showing the action of water cur- 
rents. 

The same lignitic coal occurs near Mr. Johnson's on the 
land of Hugh Curry. Wm..H. Cornell. E. O. King and Mr. 
Riker's, in the little ravines that enter the Minnesota, the 
exposures being kept fresh by the freshet waters. More 
or less exploring and drilling, besides that done by Mr. 
Grant, has been engaged in. in this vicinity, but never with 
anv better success. 

Near Redwood Falls, on land of Mr. Birney Plynn, is 
another outcrop of carbonaceous de])Osit in the Cretaceous. 
This is seen in the left bank of the Redwood river. It is in 
the iorin of a black bedded clay or shale, live or six feet- 
thick, more oj* less mingled with charcoal and ashes, the 
whole passing below into charcoal fragments mixed with 
the same ashUivO substance, in the latter are sometimes 
larg(* ])iecos of [i\u\ black, vcn'v compact coal, the same as 
that already s])()ken of at Cnnv creek, as cannel coal. These 
masses show somi.^tinies what appears to the eye to be fine 
woody fiber, as if they, too, wenj simply charred wood. 
FurthiM* (examination will be needed to determine their ori- 
gin and nature. They constitute* the only really valuable 
portions of the l)ed, the light charcoal which everywhere 
shows the distinct woody tiber, being generally mixed with 
the light ashy substaiic*', and in a state of fine subdivision. 

A short di^^tance above Mr. b^lynn's land is that of George 
Houghton, when* the Redwood Falls coal mine was opened. 

This mine (consists of a drift into the bluff, forty feet, 
following a ligiiiti*, or (.»harcoal Ix'd in the Cretaceous. The 
bed h(»re i.^ seven feet think, the greater part of it being 
made of black, bedded shale or clay, though Mr. Plynn 
is authority for the statement that it showed a great deal 
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more of the real charcoal tlian any otlior point discovered. 
Some fragments that lay near the op<niin^ contained about 
nine parts of li«^ht charcoal to one; of ash. the whole very 
slightly cemented, and so frail as to hardly endure trans- 
portation. In this drift were also numerous pieces of what 
is described by the owners both here and at Crow creek, 
as *' stone coal." It is tlio siuim as that mentioned as prob- 
ably a cannel coal, occurring at Crow creek. It is these 
harder lumps that are found scattered in the drift throughout 
the southwestern part of the state?, .so often mentioned in 
the newspapers. 

Up a little cre(»k that comes into tht^ Yellow Medicine 
river from the .south, near the village, is an exposure of fine 
stratilied blue clay that wt^athers to a y(»llowish color. It 
has a thickne.ss of at least ion or fifteen feet. 

At a point .six miles below Montevideo, on the north .side 
of the Minnesota, there is a terrace within the main river 
blutTs, extending along the river for three* miles at least, 
on which there is a wide plateau. This terrace ri.ses 45 or 
50 feet above the water, the Hood plain being about 12 feet. 
On examining for the cause of this terra(?t», the only indur- 
ated rock found was in a little point that juts out toward 
the river about on a levi»l with the top of tlie terrace: and 
that consists of granite, overstrewn with boulders. The 
terrace, however, is ])robably not due to undi^rlying gran- 
ite, for the surface of granite would not be >.o nearly level as 
to give the uniformity and n^gularity of outline here .seen. 
It is more likely that ('r(»taceous roek. of a fragile and 
crumbling character, is concerned in giving form to this 
terrace, as has been ^een in a number of other cases. 

A mile further up the river, this bencli shows a fresh 
section down to th<' water level. In gi?neral, the whoh» con- 
sists of tine .sand. :u which swallows burrow and breed. It 
stands, however, in nc»arly perpendicular walls, sonnet hing 
/ike the **blulY." V«!t it is not the hhtfj\ because it is too 
fine, has no sh(?lls nor pebbles, and is stratified. It also 
becomes a bright blue color nc^ar tin* water level, and shows 
ii» sticky, clayey (consistency, indicatinira good material for 
V>rick. It cannot be of the Siinn* date and origin as the 6/////', 
*^ince it is an isolated instance of the occurrence of such beds 
5i^long the Minnt?sota vaUey. it has very much tlu? cliarac- 
T:-er of a late alluvial d(»]K)sii, but ris»!s too high to be of the 
ftsS-ame date as the fh>odplain of t-lu? river. It is throughout 
rx^xiainly .sand. The sediinentatitm is nnl nhvays horiz<»iital, 
i 1 the individual layers Ik* regardcnl s(»pnrat«'ly, but ii is if 
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taken collectively. There is a wave-like arrangement or 
anastomosing' of layers: some are quite oblique and cross- 
bedded. In some parts of the upper 25 feet there is a rusti- 
ness, confined to certain thin beds, which makes them adhere 
in masses after falling out of the bluff, and at a distance 
have somotliing of the apiK»arancii of sandrock. These, 
however, crush down at once under the hammer, or even 
in the fingers. While this depo.sit has very much the 
aspect of tine drift its occurrence here in the form of a 
wide, continuous plateau, rising nearly fifty feet above the 
water, makes it very probable that it belongs to the Cie- 
tfi(»(»ous, although it differs from any rock of that age before 
seen. 

About half a mile, a little west of south from the stage 
station at the hcjid of Big Stone lake, in Dacotah, an ex- 
posure? of Cn»tac(K)us occurs in the right bank of the upper 
Minnesota. It shows siiptM-ficially only a weathered, sliding 
talus of shal<?. which is black nnd somewhat slaty, but which 
on digging be(!onies moisler and soft and somewhat flexible, 
yet parting into small (•hi])s. Over the surface of the ground, 
where this shale outcr()i)s. the turf is prevented from grow- 
ing, and two (•onsi)icuons objects, weathered out from the 
shale, are stMMi. 1st. Little angular cry.stals of jmre gyp- 
sum, tlu> largest secui wr'ighing not over half a pound. 2d. 
Little angular hits of y<"llowisli rod ochre, that are hard and 
thin, hul can he cut wiih a knife. There is also an occa- 
sional piece of l)n.»cciat(Hi, clay<\v. or at l(»ast aluminous rock, 
the cracks and surfaces of which an* HINhI and coated with 
ci'vstals of calcspar. When broken bv the hammer, these 

a I • 

pari along the numerous ])lanes that (Ui either side are lined 
l)y this calc-siiar. an-l ••acli fragment is entire, appearing 
itsel!" a mass of calcite. It Is (»nly i)y several attemi)ts that 
a view of ilie interior, on which tln.M' coatings are formed, 
can \)-^ obtained. The thu'lvn«'ss of thi*^ shale bed cannot be 
ascertained. The auirular i^its of o(rhi'i^ are most numerous 
near the lop. where the drift. supc-rv«'nes. but the g^'psuni 
crystals are scjitlered o\ei' the wiioje outcro]\ The indica- 
tions a!'«* that tlh* gypsum and ochre are embra<^ed within 
the shale, ati<l become snperticial by weathering. Tlie whole 
mav be tw^'ntv tive feet tliick. 

This shale bed is the cau--c of a ten-acre in the descent 
from the high prairi«'. and of nutu(»rous springs that issue 
below the drift, alx^ut sixty I'mM Ih»1ow ilu' prairie level. 
These sprirur> ex<-avat<' narrow ravin»*s and "gulches"' in 
the shai«\ the wli(»U^ being s»noolhly iurf«'d ovi'r. except at 
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the point above (les(!ribed. Those alternating «:ulcho.s, and 
the intorvenin«r short picvos of the rcniainin<^ terrace, make 
the bluff in "general apjx'ar hilly, in its ascent from the bot- 
tom-land. These ravin(»s. in the wet seascm of the vear, are 
very soft, and since they ai)pear practicable for a horse, are 
the cause of manv misfortunes to the traveler. Many such 
treacherous, springy ])lacesaredesc!ribed as occurring along 
the shores of lake TravcM's, at some i»levation ab(»v(» the 
waters of th(j lake. The* same I'olliii^ ascent from the bot- 
tom land to the higrh i)rairie can be seen also at the h»?ad of 
Big Stone lake, on the Minnesota side, and it is there doubt- 
less, due to the same (*ausi», 

Gcnrral i^eclion of fhr Crrlan'ons in aotillin' 'sicrn Minn(*sof(i. 

The limited observations that have Immmi made on tin* Cr(»- 
taceous in Minne.soia, will not warrant a conclusion on the 
alternaticm of parts describtnl in tiie for<»«jroing account of the 
Minnesota vallin'. 1'hc beds are nearly horizontal (every- 
where se(»ii, a fad which inalces it n«»c(»ssary to ]iass over 
long intervals before looking for a chang(» in the observed 
horizon. While this sinipliti(»s the problem, it leaves out of 
the account the ])ossibU» changes that may «.»xist in the char- 
acter of the .sedinn»ntaru)n on any g«M)logical horizon, and 
inti'oduces an (»lennMit t»f uncertainty in any attempt to gen- 
eralize? tlie rocks of the (''n»tace(»u>*. Future observations 
made in detail in the various counti»»s crosM»d bv the Minne- 
sota and its tributarv vall«»vs, will throw vtM*v much liirht on 
the (|uesti<m of the sup<»ri)osition ol the t»utcropping mem- 
bers that have be<»n seen the i)ast s(»ason. T\w following 
arrangement is altogetht»r provisional. an»l is intend«»d to 
express such superposition as si-ems to be coi'rect. in tiie 
light of the information now at hand. 

/// ilf'srrtnllinf ayh'r. 



5. I)aulT<*nb;irh*< lln'-t»rick -ffiinn. Wsira.iu ::v«-:-. i.«'ili:i|-'» tli»» 
siTirlstiiiuf NiM'ti tH-ar h'lsl Jarkfi iniil^. ari<l at clani'-u <'iT\. ]m- 

t5. Linu'sloiu* and '-hal'*. Wiiilu-huaim*^ Hiiariy. r;«'ar tiif :ii"ntli of 

tlH' Warajn rivi'i. 
7. Sandy shalf. <;nn'tn-l^ M"*tioti, -mm-. \i. T. nv.i. [{. :;n 
fi. Sanilslruir. Fritz'Nipiarry, -».•«•. ir,. T. l«»n. K. 2'.». 
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(k) The drift, and fhe general topography of the valley. 

Southwestern Miunesota is characterized by extensive drift 
deposits. They are spread so evenly over the whole country, 
that to tlie eye of the traveler, there are but few important 
variations from a dead flat. One vast plain seems to spread 
out on all sides. The view is only obstructed by the nar- 
row timber belts that skirt the valleys of streams, or by the 
dim haze in which the horizon is itself lost to sight. There 
are minor irregularities of surface due to the occurrence of 
gravelly knolls, and to the erosion wrought in the surface 
by streams of water, but these do not effect materially the 
general flatness of the whole region. 

The general composition of the drift is such as to prove 
its origin to have been due to glaciers. By far the largest 
part consists of '*blue clay," the surface of which is weath- 
ered to a yellowish brown to the depth of 15 or 20 feet. 
This contains gravel stones and boulders, yet it is nearly, 
and often quitia, impervious to water. There are places, 
especially along the immediate valleys of the principal 
drainage courses, in w^hich the drift shows a very sandy and 
gravelly composition, the sand and gravel being deposited 
in oblique and vanishing layers often to the depth of over 
fifty feet. This character is very common along the Min- 
nesota from Mendota to Mankato. In this case the main 
bluiTs of the river constituting the principal, and the first, 
descent from the prairie level, arc made up of such strati- 
fled deposits, but at a sliort distance from the river valley, 
in either direction, the typical unmodifled glacier drift re- 
turns with its full development. 

Besides these instances of stratified gravel and sand in 
the drift along the immt^diate river valleys, isolated knolls, 
or clusters of knolls, composed of the same materials, are 
sometimes soon I'ising boldly and conspicuously from the 
midst of the lovol prairie, reaching all hights up to a hun- 
dr(»d foot or more. Such knolls are sometimes ferriferous, 
and tin* gravel is hardly cemented, making a crag, with 
lumps of im])uro bog-ore. This ore is not now properly a 
bog-ore, siuco it lies on tlie sides of gravel knolls, one or 
two hundred IVet high, (as on the Mai)lo river, near the Red 
Jacket mills, ) but it is probal:)ly a brown hematite. It is 
very siliceous and not likely to bo of economical value. 
These gi-avel knolls are sometimes very stony, with north- 
ern boulders. Instances of such gravelly, rolling tracts, 
sometimes of large extent, wen* notod in the reconnoissance 
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made the past season, as follows: A bolt of gravelly 
knolls runs from Uie soiUheasl pain of Faribault county, to 
about the center of the sami-. South fi-<nn Liira it may bo 
seen across the troeless ]>niiric. and is scantily wor)d<;d. It 
furnishes llu; only stone nst^fiii for bniKlin>r or for founda- 
tions, in tho form of nortlK-rn Ixiuhlors. that can bo found 
Ihrougliout a wido I'xtenl of country, This yravi'l belt rises 
considerably hight'i" than the \illaj;f> of Wnlls. and pi-obably 
gives source and hea<l to iho artosian ovorllow of water that 
there exists. These iirti'sian wells are ll'i feet deep, and 
passed through "blue? t-lay." In about the centt.T of T, 
110. R. 32. is a jfravelly ridyo or smjci-ssion of drift knolls, 
running NNW.. showing bonhiers on tho surface. The 
country alM>ut is Hat and prairie like, cov(>red with the hai"<l- 
pan. glacier drift, and these knolls are quite a i-elief to the 
eye. One can hardly resist tho conviction that rock in 
situ must occur somewhei'o oxpo.sed in the.-^e knolls, and it 
is only after a lengthy examinatioi) that llieir true character 
is established. This ridge runs about a mile east of Sleepy 
Eye village, ami the sei>anite knolls rise I'a 4l) feet. They 
lie about on the strike of the red quartzile from New Uhn. 
The eastern ascent of the Coteaii iles I'rairies enters Min- 
nesota from tho N\V.. in tho soutlnveslern part or Yellow 
Medicine county. East of this ascent ab<tut ten miles is a 
range of gravel liills running nearly N. and S.. known at 
their southern exti-eniity as the ■■cobble kmills," ami at their 
northern as the ■•Knielope hills." They are ooniiHised. as 
their name indicates, of drift. They have a general exten 
sion X. and S. but yet tliey occur in clusters. Some are 
quite sharp and abrupt. They rise I'iihu IlTj to rlllil feet 
above the surrfiunding praiiie. They an- ^rriooilily n>un(led 
on their .summits, and overslrewn wiih stones and boulders, 
the latter showing frequent irlacial surfiir'es. even on the top. 
The grass and weeds are short. 'I'Iji' soil i> thin. TJttlo 
gravel stones almost r-over the surface. The liiiolls lln-ni- 
selves consist largely, witlmut doulil, <)t' >lraiitied gra\-(,'l 
and sand, like a great nianv others iliai huve ln'cn si-i-n in 
different parts of the dril'i latilud.,-s. I'l.-,,!. ,-t hum. l''7o. 
Vol. 1, !>. !t!l: <li-olo<iii:il .Siirrr,/ >,f (tUi,,. urid<,-r Itardiii. 
Allen, Delaware and Aiigahtize coiititii.-: frxrvflnitif. ni' tin- 
Amffienn Answiiilioii. l-?"!'. /i. 1>''1. ) 

They can be si^-n to i'xl<;nd six oj- ei;.'!!' niili-.. ;iii.| per- 
haps are traceable fui'ther than ihat distaiici' l-'i-oin ;hi>j'- 
lops a magnificeut view of the pi-aii'ici ,,i\ ;ii! -Mi'>. and of 
the Coteau towai-d tin- we.-t, can i»- luitl. .\ >iiii:I;p' raMp- 
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of drift knolls, but much smaller, was seen about six miles 
east of this range, running also in the direction N. and S. 
For reasons that cannot be hero enumerated these gravel 
ridges are believed to mark the location of the strike of dif- 
ferent formations of rock, which, with each other, formed 
such inequalities in the surface i)assed over by the great 
glacier as to fracture the ice profoundly. The streams of 
w^ater that entered and i-an through such cravasses were suf- 
ficiently powerful to wash out the clayey portions of the 
drift, and to arrange the coarser in various stratification. 
After the v;ithdrawal of the ico, the ridges of gravel mark 
the general location of such glacial streams. These must 
not V)e confounded with other drift ridges that accumulated 
about the borders of the ico field, known as moraines, of 
which the Coteau des Prairies sooms to bo a stuj)endous ex- 
ample. This remarkabhj topographical phenomei.on was 
visited at the point wliero the Winona and St. Peter R. R. 
meets it. The country from Lac qui Parle to that place is 
of the same g(nioral character as the rest of southwestiern 
Minnesota, but is perhaps freer from slouglis and impassa- 
ble phices than tlio (country in the region of the Silurian 
rock. It is mostlv eutirelv d(»stituto of timber. The Lac 
qui Parle and its tributaries are wooded a few miles from 
the Minnesota, i)ut very sparsely. The timber entirely 
disappears b(»f()i-e reachiuir the state line. The soil shows 
in dessicatiMJ ])1'km»s the color of the alkaline deposit com- 
mon on the western ])lains. l)(»eominir more and more abun- 
dant toward the west. There is not, 4Miough. however, in 
this direction within tlie state of Minnesota to interfere 
seriously with agriculture or stock raising. The productive- 
ness of tin? soil so<nns not to be atVect.ed by it. The state 
line. ^\ here the Winona and St. Peter \i. R. passes it, is a 
.short distan<'e \ve>t of the foot of tlie rolcfui. At a distance 
the nth'tni loolcs like a sudden and niarkcnl elevation in the 
westj'rn hoi-izon. rising a great hight above the prairie level. 
l)ut on reaching it th(^ asc(Mit is A)un(l to be gradual, the 
surface changing from level to rolling or hilly. It is, how- 
ev(vr. ([uite ahi'upt in some phu-es. (lood farms can be laid 
out in neary all parts of the ce/crn/. nu\ny of them far pre- 
ferable to farms verv hiuhlv valued in Ohio, Pennsvlvania 
or New Yoi-k. There is no timber e.vcej)l along the tribu- 
taries of the i.ac ([ui i\irh'. or other small streams. No 
rock can l>e seen in sihi. Although the railroad alTords 
very fj-e(juent cuts in gettinii- thi'ough this rolling country, 
it discloses no known r<»ck a-^ far westward as lake Cam- 
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I>eska. This jioint wa.s i)ai-ticiiliirl,v fxaiiiinofl for over six 
miles beyond tlip foot of ilio i-itlr.in. with ilu* hopn of see- 
inK. in some of \\w frG<iiifut t-uts. soim" iiiilicatioii of a 
rocky sub-struriurp. Nothitijr <'an Ix- sfcn Iml drift. This 
drift consists of jrhiciial niay. Tin- siirfucf is jreni.'rally 
stony, espcc.-ialiy on thi- mps and brows of Itnolls. Boul- 
ders of noi'lhoru orifrin iirt* vrry i-onimon. Some larjre 
fragments of Siliiiian iiniest'ine weri' scon, bin ;r"'n<'rally 
the erratics aiv jrranitic;. HoyoiiiJ thi- lirst ascent to the 
Unobs of tin; cnteiiii. thero is a stivlch of li-ss rolling coun- 
try reaching westward about icn niili's. when another still 
higher raniL'i' of hilis and bluffs aiiiiears. Tin- divide, east 
of the Sioux river, is aljont lifteen niili-swest of the stati- 
line, at an elevation i l>v tin,' Winona ami Si. I'eti'p U. R. i of 
1.44? feot alx.ve AVinonu. Th.- asicrjl from the iirairie 
level, a few miles .-ar-l of the stal.- liii.-. lo tli..' lop of the 
eMU'tii. tiftcen miles west of lln- state line, is about fCiO 
feel. On the loj) of tli.' liitrh conntiv me occiisional pleas- 
ant lakes, Al l)e <;ratl. jiisl beyoml the state line, in 
Duell county, ("apt. II. 11. llerrtck burns lime irum a dark 
surface de]M)sit of lufa. This deposit sliows impressions of 
leaves and twin's, and r)ijiers th;it appear like nislies. It 
has some iron stains, iinil a trace of bitnuiinous luiitter. It 
occurs in a nuinid'r of places or; the >i(les of tlje knolls. 
ovei'lyiurr llie di-ifl •rraviO and clay. Tlie j:iMieral appear- 
aii<:e of Ihe surfa.'.- id' tin- ,;,l,-aii. espei-iiilly near its l)asi'. 
as well as th.- >urfiire of }h.' <.„lrl.,,,.- h,ll.<. iiside frou. this 
surface <leposii of mfii. wlK.'i'i- uti wnier is ww running, in- 
dicates Ihi.' foi'iiH'C pievjil.-iic,. nf :i mui'li L'l'ealei' iuni'unt of 
water runniiiir over it than now. The honlder-, mid jrravel 
that lie .so iliirit <jri tin- U-]^ and iip|ier- ^.l.-pe, eairie fi-oni llie 
drift, the chivey paris lia\iiiir U-<-), .-iifried awav liy di'uiTi- 
ajre. They are all wiiterw..rn ilioiiirh ii.H >o i.iit tlmt ilie 
iK.ulders souietinn-s >liow irlaciadv >!!':;iie.i -i.irfnces. That 
this watei- was runninir, and not -lat.ilini:. i- ■■vi.leiired by 
the tufa, wjiich i^ ..niv deposited wli.-v ih,- ;,!iii.i>pl.<-n' has 
access, and by iIm- m;iiin.'r ••( iis o.-.-nTei..-.-. whi.'lj i.- only 
on Ihe lower slopes of liie .nmlS, 1i!i':L:ii in ■.iii-yiny el.'va- 
tion.s. .so fai' jj> >i-<-i.. Tl.;it iber-e v.;i- -..-i.'eiiiiion ne:ir is 
proved by tin- l.'!iv.-> :iud <.tl,er ■mpre^M-.i.s. Tiiri; li.e How 
was of shorl dunilion. c.nipunilively. ,> a,~ii prii\<'il i^y the 
tmiversalitvaiid urdform <'iiai-ac':i.i' oi ili.- drill .-liei'i. aiid by 
the lack of'ro.-kv outcrops. Tlia; ;l!e wa'er w UWU dei.n-.:.'.l 
the t-iifa was lie;i\ily eliurijeii v,;tl: ,inie. 1- ]>■■>••:•■<' ■>;.■ ;!,,■ 
abundance of ilic' iii-po:^:l ai.d i^y the eniv-e!..-- t.M'.i- I;: 
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closed impressions. That it was the same that washed the 
light drift from the tops and brows of the knolls, is evident 
from their associated occurrence. That this water was 
from the retiring glacier, which would inevitably have given 
off water of a milky color, stained with the fine debris 
and soluble portions of the rocks it had ground up in its 
course, is probable. 

At St. Paul, near the St. Paul and Sioux City depot, the 
lower part of the drift is (exposed in the excavated river 
bluff, and is chiefly hardpan clay (or glacier drift). It is 
conspicuously colored by the shale of the Trenton. The 
alternating blue shale and copper- colored hardpan drift shovr 
successive^ accretions with such regularity as to attract im- 
mediate attention. The bands slope at an angle with the 
horizon, the drift holding stones and occasionally large 
boulders, and the shale showing fragments of the bedded 
lamination not yet obliterated, as well as the usual fragments 
of ChaeMes. At a higher level is a heavy stratum of 25 
feet, overlying the foregoing, consisting of gravel and 
boulders, with many pieces of limestone. The following 
diagram illustrates the alternation of materials in the drift 
at this place. 



Srcfioii in the drift af SL Paul. 




a. (.f rjiv»'l with many storu"*. "St or IV) fr<'t. 

!). (InuMi. •ilialy flay, 

•*. BliH*. shaly I'lay, 

tl. (Ir«M»iiif»h. sbuly clay, 

{-. IIihI clay, 

f . IJrown drift ol.iy. ^toriy. ! 

L'. Ashoii drift clay. ! 



2.'> feet aim VI' I o- .,,. .wx * ,.., 
tlK• rlv»>r. \ 2.)or .JOfoft. 



The bluffs of th(» Minnesota require a special mention, as 
they ffjrin a very important (»leinont, not only in the topo- 
graphy oi* the suuthwostern pari of Minnesota, but also in 
any de.scription of tlu» dril't of that portion of the state and 
of the northwest. Tho lovol of th(» rivor itself, in the sum- 
mer season, is about 1^0 foot b(jlow tlio prairie level. The 
water runs in a vorv windin^r coiirso back and forth between 
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the bordering bluffs, the direction of which, not regarding 
the little angles caused by streams that enter the Minnesota, 
is very regular. They havo some long bcmds, but in general 
maintain a remarkable constancy of direction and hight. 
The bluffs, especially on the north side, are often trec^less. 
The bottom-land itself is very oft(?n treeless. On the south 
side, on the contrary, the river bottoms and the* tributary 
valleys, as well as the slopo of the main blutY, are usually 
wooded. Hence the abruptness, and at the same tim<», the 
regularity of slo])e, direction and outline, are most marked 
on the north side. These bluffs appear, superticially, to be 
formed of drift alone above Mankato. 

Below Mankato the Silurian ro(?ks are frecpiently seen* 
exposed in them, causing long t<M*ra(*es at various altitudes. 
Throughout the whoh* length of the valley, bouldiM's and 
stones of a northern origin are seem on the brows of these 
bluffs, and on their abru})t faces, or on the slopt»s th(Mn- 
selves. They lit(»rally cover, sounitimes. the Silurian t«'r- 
races below Mankato. as at Shako]>(M», Louisville. Ottawa, 
St Peter, Mankato and Judson. There is a good illustra- 
tion of this in the terraco lliat <»xtt?nds alouir th«» «»ast side of 
the river below Mankato, and also toward South Mend. 
Where the hard rocks of the Silurian lie d(M»p(M'. tho boul- 
ders that otherwise would be visible* se«*ni to have sunk into 
the softer alluvium. They art} always m<'t with in pen(»- 
trating tVirough tli«? alluvium, hi^fon* striking the rock. 
They pertained to the g(»nt»ral sh<M»t of drift. lM*for»» th<.' ex- 
cavation of the valli»y. and havo been l<»rt simply lodgetl 
where they mav hav«? falhMi. snmetinios on rock terraces, 
as the river has slowly carried awav 1h(» tinH<'lavev portion^ 
of the drift. X(»twitlist.anding the drift characters ar»» the* 
only apparent cjues, y<?t there is a canopy of (-I'l'taiMMins that 
lies below and giv(\s l(»velne^^s to ih«* (.-ounirx, hiding tin* 
granite and theSilurian roeks. This, mixing with the drift, 
has greatly augm«?nted it.^ vohmn* bi'voncl what it would 
have been had hanh^r roeks (»xisted in w»*stMi-n and south- 
western Minnesota. Tlni exir^tenc<» oi" this ranopy of Cn*- 
taceous under the <lnft is demonstrated hy the oeeasional 
exposure of such hetl*^ in the litth' ravim-^ that enter the 
Minnesota. Such beds are int<'r>«M"tiMl by th<' iihiit's them- 
selves, and cut by tin* river channel, thouirh tli»*v ai^ rarvlv 
seen in the main bluffs of ihi' riv«»r it--»»]f. Tln-v ar<' hid hy 

f. 

the downfalling of tin* drift. Th«*y an* so ir.-ijl tiirvrn-^i'h i-s 
that they ©annot emlure tin* «'xpoMin* ♦•xhlhiNMi l.\ :lj<' Siln 
rian limestones, (see page 1^1,) and luMir.- vso tjo: mak*.* 
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SO manifest terraces in the main blulT. This main bluff, 
therefore, above Maokato, generally exhibits a regular slope 
from the prairie to the bottom land. There is sometimes a 
dim outline of a terrace, or shoulder, in this slope, caused 
by the unequal demolition of the Cretaceous, but through- 
Old fhe t'alleij ihrrc arc no alhirial l<'rraces fhat ran he aitrih- 
nted io successive reductions in the rolume of the river. 
Such appearances are visible at New Ulm, as well as at va- 
rious places below Mankato, at Lower Sioux Agency and at 
Beaver Falls. At ])laces below Mankato the semblance to 
constant terraces is duo to the elTect of the Shakopee lime- 
stone on the banks, combined with that of the erosible na- 
ture of th(» underlying Jordan sandstone. Such occasional 
benches occur at ditYerent elevations as far as the Silurian 
rocks extend. Abcive that they are due to the Cretaceous. 
Such occur at Fritz s ciuarry, a few miles below New Ulm, 
and at Gruebers a little further up the river. At the for- 
mer place a sandstone in the Cretaceous offers a more per- 
sistent obstruction to the water, at the latter the terrace is 
caused by a hard clavev lavor over one that is soft and are- 
naceous. At New I-lm a similar combination of layers may 
be setm near Dautfenbach's pottery, and in some of the high- 
way cuts for grading the str(»ets I'unning down from the city 
(w-hieh is situated on this terrace) to the R. R. depot. At 
and below Redstcme. and on the opposite side of the Minne- 
sota near the mouth of tlu^ Waraju river, a calcareous mem 
ber of the Cn^laceous causes a terrace that rises about 40 
feet above the rivei-. This niav be seen at Winkelmann\s 
lime kiln and quany. This terrace is ])i*olonged for several 
miles below Redstone, on the norlli side of the river. Its 
level for some distance} is ktjpt u]) by the red quartzite in 
outcrop there, but it is doubtless <]u(» mainly to the Creta- 
ceous. 

At Lower Agent-y a dim oiitliiH* of a terrace is .seen near 
the top of the bluiV running along about half a mile. Its 
cause is n(^i discov(M'abl<.*. but rnav he reasonably regarded 
some member of th(^ Cr<'taceous. which can be seen at a 
lower lnv<»l in th<.» highway as'.*tMiding from 1h(» ferry to the 
top of the 1)1 II IT. It is most t»bs<M'vabU* fi'om a distance, and 
(^specially fmm \\u* north sid»' of thr riv»»r. 

There i> a S(Mnl»lunce at Heaver Falls, though faint, of 
two tf^i'racps. in^ar thr top of th«' hl;ilV. visible from the op- 
posit** side i)\' tjir j'ivri'. ilip i^.i)p<^r one having about the po 
sition of the faint irrra^'c* ><*«n at Low(M' Sioux A^encv. 
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A torraced condition <»f tho blulTs may bo siion at a little* 
lake, caused by the enlar^'oment of tlie rivoron T. li*(). R. 
44. as well as in the bliitYs nf Lac (lui Parl<\ Hon* an ob- 
servation was niado tliat i)lainly indiratos tlnMirjiriu of thos»» 
bonches. They i»xliibit a sIoih» or di]) towards th<» S. K.. run- 
ning succossivt»ly down to th(» bottoms, hi«rher (>n«»s occur- 
ring in thoir i)lacos. Tliis can plainly 1)0 soi»n from tlu» op- 
posite blulT. This slop»» is believed to be du<». in liko man- 
ner, to the dij) of the nxrks of th(» (-retaccjou^. thougli no 
outcrop of those rocks was seen at that i)lac(». tln» l)lutTs of 
the river and of all ravines lM»in*jc smoothly turfinl over. 

The genei'al high! of the blulTs that enclose Hi*r Stone lake 
is about ir>0 feet. Thoy aro treeless. Tlu'ir crests are usu- 
ally crowned with bouhh»rs. The only wood tliat is seen 
lies in the "gidches" cir slmrt ravines that ent<'r the lake 
from both sid«\s, and on tin* islands. som«» of which are 
densedv wooded with Mnall tre(.»s. Th^ro is also a thin, 
continuous row of small tnH»s and shrubs ;^r<»win.!r on the 
immediate shore, just above the boulder- row. Th«» bottom- 
land is usually not marshy but arable, c<»nstitutin<r really 
the most d(»sirable faniis. It is tirst talcon by .settli»rs. It 
is wide enough for one or twogood tieUls. Tho settler also 
has his garden and cabin on the low land invariably, and gen- 
erally at the o])ening of some one <»f th<» litth* ravint^s. which 
afford water without digging*, and j)rotoctlon from the 
wint4?r winds, as woll as convenient fu(»l. Along this lake, 
alsr), are terraco.s that have a siopi* or dip striking across 
the blutYs. (.)n»» may bo soen at Mr. Hurli»y*s, eight miles 
above the foot of th<' lak<», whore it can bi» iracod three or 
four miles, ])assing. in that distanco. down from union with 
the prairie lovol to tht» bi>ttoms, or so far down as to be 
blended in tho bottom land. A similar vanishing terrace 
can be .seen on tho Dakota >ide, from th«' bluff on the north 
side, about twi'lvi* mil(»s above* tin* f«»ot of tho lak«», and 
niidwav between liurh'vs and Minsiu's, Within th<» spa(^e 
of about three mih^s. its form can be scon to |)ass obliiiuoly 
across thci face of the mainbluiY. from to]) to bottom. sl<i])ing 
to tho east or southeast, and disapp*»aring in the bottom- 
land. A similar terraced ap])earance has }»een <ie>cribi'd as 
occurring at Hrown's Valley, at tlie ln»ad of Wuc Stone lake, 
in connection with anexposur*» of the ( 'i'i'taci'on> (>ee p. 19U. ) 
The interval between Uig Stom* lai\e and lake TravtM's (0 
miles) has a fall towani l>ig Ston«' Lake «)i" -.jx iffi. The 
blutfs approach «»ach other toward thi* I'lnl of tli»* lower 
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lake, but do not unite. A continuous valley, between bluffs 
of the same form and appearance, and of nearly the same 
depth, connects the two lakes, giving the impression of one 
valley instead of two. The short interval constituting the 
divide between the two lakes is usually without water, but 
is often overllowod by the spring freshets, when a continu- 
ous overland waton^ourse is established between the gulf of 
Mexico and Hudson's bay, in British America. It was on 
one of these cecaslons that the attempt was made by the late 
Hon. Jose])h R. Brown,* io float a steamboat from the Mis- 
sissippi to the Ked river of the North. Its I'emains still lie 
a few miles below the foot of Big Stone lake, where it was 
wrecked by the unexpected subsidence of the water. There 
is a very ])er(M»ptiblo ascent in the smooth surface of the 
prairie, toward tlie north, from the blutTs of Big Stone lake. 

Several points havo been mentioned at which local ter- 
races have been scmmi along the valley of the Minnesota 
river. They are occasioned, as has already been said, by 
the varying resistance of the underlying rock, when under- 
going cTosion by the river. This is evident from the fol- 
lowing facts: 

1st. They have a varying elevation, corresponding with 
the di]) of the formation which causes them. They occur 
near the level of the tlood -plain, blending sometimes with 
it. and also at all bights, to near tht» top of the bluffs. 

2nd. Tlip rock itsolf t*an Ix* s«»(»n at many of the places 
whore such terrae(\'^ hiive l)Ocn obs(»rved: and wliere it has 
not bc(Mi s(»cn. the face of the bliiiY has been unfavorable for 
exposure, the surface b<Mng smoothly turfed over. 

>lrd. There are hundreds of miles along the river, on 
both sides. whei'O no siicli t(»rrac(^s can be .seen, the bare 
blutTs being smoothly rounded ot"f. and de.sccmding at one 
change from tlieprairit* \o\'{}\ to the tlood plain. Incleed, the 
existence (»f l(»rrai*i'S is quite an (^xce])tional thing. 

4th. In many cases, the terraces can be referred directly 
to their ciius(\ layersof varying resistance in the Cretaceous. 

,^)th. Where there is no rock in th(» river banks, as shown 
by fresh slides. then> is na a}>pe:irance of terraces. 

'a ."^hort disianc*' below Miiuu^^oia Kails the blulY rise.s, on 
the north sid(\ liV.» feet 1 and ,• inchtvs above the flood plain, 
m eas \ i red I )y 1 ah • k e' s 1 e ve 1 . 

Th<M*e ih an old valley of ilie Minne>ota river, extending 
from r^ac <jui Pari lake eastwardly. and joining the Chip- 
pewa valley about live mil<»s above lis mouth. This old 
valley has blii't's lik*- the ])ri'sent river valley, but it is not 

•It WU", <.*:iijt..Iohn ;*►. I».ivi<. "—■ vol. l..i( t;-'- tiri:i! n-port. p. 1.'j4. (N H. W.— 1885.i 
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quite as deep. It is nearly dry, a little water standin^ir 
only in one or two spots, near the west end, and slowly 
passing into the Minnesota, the bottom bein*^ a level and 
handsome meadow. The appearance of this valley is rather 
novel and striking. The slopes are perfectly tn»eless, and 
very smooth, luxuriantly covered with grass and ornamented 
with flowers of various colors. There are short ravines or 
"gulches," that descend from the prairie, but they do not 
show a tree, nor a shrub. They are smoothly grassed 
over, and near their mouths can be crossed with a team. 
The blulTs themselves, though often overstrewn with stones 
and coarse gravel, are yet com])osed of hard drift clay, and 
are rarely too abrui)t to be as(*ended by a horse. Toward 
the west end of this old valley the slope from the prairie 
shows a terrace about thirty feel from the t.o]», but nothing 
can be .seen on it, or even in the excavation cut for the road, 
but drift materials, though boulders are rather more nume- 
rous at that point in the cut than aV)ove or below. Below 
the level of this bench, twenty feet, is a row of springs 
which keep the rest of tin* slope wet and soft. The whole 
appearance, taken together, indicates a stratified condition 
of the bluff, probably in Cretaceous rock. 

THE ECONOMICAL GEOLOCJV OF THE MINNESOTA VALLEY. 

Coal. 

The separation of the region of the Minnesota valley from 
all the important coal fic^lds, and its comparatively sparse 
supply of wood for fuel, have* dire<^ted the altentirm of the 
settlers to the possible supply of fuel from the lignites of 
the Cretaceous. Mention has already b(»on made of the 
localities of outcrop of this c(ki1 (])p. i'l*l-i!24) with some 
description of the modes of its occun»nc(». The subject has 
also been summarizi^d in the letter to the President intro- 
ductory to this report. There are coal dc»])osits of the C-re- 
taceous age that are likely to prove valuabl<.\ They occur 
at various places, scattered ovor the western territories. 
Such coal is also sometimes in the condition of good anthra- 
cite. A valuable bed of coal is reportt»d to exist a few 
miles west of l^isrnarck, on the Missouri riv(»r. Th«»ro can 
be but little doubt that such or similar coal accouipani(?s the 
lower Cretaceous rocks throughout their extent in Minnesota. 
Prom the wide extent of territory in which **Iloatcoar' is 
found in the drift, it seems very probable that the Cretaceous 
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ocean at first covered the most of the state. So far as dis- 
covered, however, there is not enough coal embraced in the 
Cretaceous, in this state, to warrant sanguine expectations 
of its becoming economically useful. This coal occurs in 
tvro distinct forms, which may be distinguished, until 
further investigations demonstrate some error in the desig- 
nations here given, as charcoal VLiidcannel coal. The former, 
while it is the more abundant, is of less value for use as 
fuel. It is light, and quickly ignites, but it is generally in 
fine pieces that appear to be matted down with the ash that 
resulted from the combustion of other portions of the vrood 
from which the coal is derived. It lies in irregular sheets 
generally, not more than half an thick when pure, but may 
be disseminated through a thickness of six or eight feet. It 
is very fragile, hardly bearing transportation. The latter is 
black, or brown-black, lustrous, compact, rather hard, and 
presents every aspect of a valuable coal. It occurs in iso- 
lated lumps or pockets, in the same beds as the charcoal, 
but less abundantly. It readily burns, making a hot fire. 
In the aii\ when it has become dry, it cracks and crumbles 
something like quick lime, but not to a powder. It is this 
which is found in the drift. If it could be found in sufficient 
quantity, this would be a valuable fuel. 

The Iowa coal field, of Carboniferous age, does not reach 
as far northwest as the valley of the Minnesota. 

froju 

The only iron ore that is known to occur in southwestern 
Minnesota, is in the form of an imperfectly hydrated per- 
oxyd, or brown hematite. It is, so far as seen, so impure 
as to constitute a clay iron-stono. It w"is first mentioned 
as occurring on the TiO Suour, a mile and a half above its 
mouth, by Dr. B. F. Shumard (Owens' Report, p. 487), 
who des(rTibes it as -^nodules of oxide of iron, and argilla- 
ceous iron ore," and gives it a thi(;knoss of two feet, re- 
marking that: **The suporticial indications render it prob- 
able that this bed of iron on* may be both exten.sive and 
readily accessible." Similar indications of iron ore were 
seen the past season at a number of ])laces on the Le Sueur 
and on tlie Watonwan. So far as obsoi-vod, however, the 
iron seems to be largt?ly. if not entirely, superficial, and 
pertains to the horizon of se])aration between the drift and 
the bedded rock. It is a circumstance of fn^quent occur- 
rence, in all parts of the nortliwest. to see ferriferous 
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springs issuin<? from the gravel of the drift. When such 
water comes in contact with the air it invariably gives an 
iron stain to substances over which it runs. If the process 
be continued a brown hematite iron ore* will be formed. It 
will partake of the imi)urities of the surface on which it 
forms. There is besides a considerable thickness of argilla- 
ceous iron-stone that coats tlie Silurian limestones, when 
they are found overlain by the clays of the Cretaceous (see 
pages 133 and 179.) 

Mineral paint. 

At Redwood Palls the kaolin which has resulted from the 
decomposition of the granite rock, has become stained with 
iron, and has a brownish or greenish-brown (rolor. It con- 
tains, generally, some silicia. From this stained kaolin a 
good mineral paint has been manufactured. Messrs. (xrant 
and Brusseau commenced the enterprise, and carried it far 
enough to demonstraU? the quality of the ])roduct. The 
manufactured article is said to have been equal to that of 
Brandon, Vt., but that the cost was so great that, after trans- 
portation to St. Paul, it could not be otfon^d in the market 
as cheaply as the lirandon x^aint. Their process was very 
simple. The raw material was obtained from the banks of 
the Redwood river (p. !<*)><), and was of a rusty-brown 
color, having also a greenish tinge. It was broken, or 
crushed to the fineness of corn or wheat. It was then dried 
in a large pan placed over a tire, and ground by wateri)ow- 
er. between two burr stones. In tliat (condition it was ready 
for use by simply mixing with boiled or raw linseed oil. It 
was found that lead or ochre could not be used to advantage 
with it. The lead is said to have "come out and looked like 
a mildew." The color produced was a reddish umber. By 
making some .selections various lighter shades, of the same 
general character, were i)roduced. It had a heavy sediment, 
consisting probably of iron and silica. The quality of the 
paint is said to have been superior to that from Oiiio. and 
fully equal to that from Th^andon, Vt., or Horicon, Wis. The 
surface of the wood ])ainted, becomes hardened and glazed, 
but remains smooth.^ 

It is evident that the best methods for (Htonomy wtn^e not 
employed in this enterprise. TIkj mine is situated about a 
mile from the mill. The rock is easy of access. It cost a 

•TliomnNof Wordori. IIiit«-r»Nt Co.. :it Kud\v«io«l K:ilN. ;iinl >>f Aii-t:ii »\ WmfiIi'ij. 
Ht Miuiiosotu FaUs. ure imintcd with it. 
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sum between three and four dollars per ton to deliver the 
raw material at the mill. It could probably be done for less 
than a dollar. The total cost of manufacture ought not to 
exceed a dollar per hundred, or twenty dollars per ton. 
The Brandon paint sells for about ^AO per ton. These 
stat<»ments arc on the authority of Mr. Park Worden, of 
Minnesota Palls. 

Although the foro<jroing is the only systematic attempt 
that has been made to manufacture paint from this substance 
in the Minnesota valley, it occurs in great abundance at a 
numb(»r of places. It is also found in greater purity, at 
least with much loss cjuartz and iron, at several other places. 
Indeed it so(»ms to exist wherev(»r the granitic rocks were 
buried bonoatli th(? ocean of the Cretaceous age, and where 
the glacier period has not disrupted it. 

For common quick- limii tho region of the upper Minne- 
sota has no suitable stono. Hen? is a great extent of fertile 
country, (lostincnl to be thickly inhabitatod, that must always 
depend on tho Silurian limi^stones, situated further south- 
east, for one of its n(H*i'Ssary articles of construction. At 
the present time iIk^ only resort is to the limestone bould- 
ers that occur in the dri!t. These are being rapidly gath- 
ered up and convtM-ted into <iuick lime, and will soon entire 
ly disappear. The nearest Silurian (luarries capable of 
being useful for quiek-limi^ are iit Mankato. The limestone 
found in the Cretaceous at New Tim is also very valuable 
to this r(»gion, hut the shaly natuieof the stone there will 
alwavs make it dilYicult to coniixMe with the lime from Man- 
kato. At the same time th** (|uaiity of the lime made there 
rendiM's it applicable to uses of whi(*h the Mankato quick- 
lime is not susci^})tible. Tin* Mankato lime is of a dark 
leather color, shurking to a en^ain colo)'. It has a consider- 
able sand that appt.*arsas a sediment. The stone itself is an 
arenaceous magnesian rniiM*^lone. and the lime partakes of 
the nature of those limes. It sni^ more slowly, burns more 
easily, and slacks with l«\s-< ln?at than the ]>ure limestones, 
Itisust.'ful for brick and ston^ woric. hut will not answer 
for hard tinish. For common hi-own ])last«'ring it is very 
useful. The lime mad«» at New I'im, on the other hand, is 
nearly while, and in that res]n'rt ha-^ tiu» advantage of the 
Mankato quicklime. It is m^vv hoi. and set:> quickly. It 
is more nearly a pun; lim(^ without magnesia. While it 
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has no sand, as an ]mi)urity, it has alumina. Associated 
with it in the shales of the Cretaceous, is more or less of 
sulphate of lime in the form of transparent crystals, or sele- 
nite. When there is much of this it wbuld materially affect 
the (luality of the lime, j|rivm«: it somewhat the character of 
plaster of Paris. Below Mankato there is no lack of good 
stone for quicklime. The Shakopee limestone is calcined 
at a number of places, and outcrops in the banks of the river 
at a great many others. 

At Shakopee the kilns arc owned by Baptiste Crmtre and 
Isaac Lincoln. They are constant, or *'draw kilns." Mr. 
Contre burns from 17 to 18 hundred barrels per month, and 
seven months per year. His markets are St. Paul, Minne- 
apolis and St. Cloud, in bulk, two hundred pounds mailing 
a barrel. Lime is produced in 30 hours. Wood costs two 
or two and a half dollars per cord, mixed. He ^'draws'' 
every six hours. 

Mr. Lincoln's kiln is considerably larger than Contre's, 
and requires from two to four days to produce lime, which 
sell at the kiln at 75 ccmts per barrel, twenty-two or twenty- 
four hundred barrels being produced per month, during 
seven or eight months of the year. Th(» lime made at Sha- 
kopee is of a leather color, sometimes approaching burnt 
umber. 

At Louisville, five miles above Shakopee, Mr. Contre 
owns another kiln similar to tliat at Shakopee. Mr. Folsom, 
of Minneapolis, also has a kiln here wliich is in opcM'ation 
some portions of the year. The lime produced h(»re is of 
the same character as that at Shalcopee. It is shippod to 
St. Paul, Minn(»apolis. and occasionally to Duluth and St. 
Cloud. Pour or live cords of mixed wood, at two and a 
half dollars per cord are rccpiired lor eacth hundred barrels. 

John P. Kinshed burns liiiu' from the Shakopee stone, at 
Ottawa, 

About a mile above Kasota Conrad Smith burns lime? from 
the Shakoi>ee limi?slone, which Iw, sell at one dollar ))or bar- 
rel. Eight or nine cords of mixed wootl, at ^-.75 per cord, 
are consumed in jn'oducing 100 barrels ol* lime, lie has a 
draw kiln, but not enougli demand to keep it in constant 
blast. The lime is dark and in nearly all n^specls like the 
Shakopee lime. It shows a bluish tint, and. Mr. Smith says, 
slacks to a hlHc-whilr, inst<'ad of a ijrllntr.trfufr, and is i)re- 
ferred for that reason. 

Five miles below Mankato (ieorge C Clupp burns a lime 
that is bluish, or ashen colored, lie takes the stone from 
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the upper portion of the Shakopee limestone, and produces 
a purer lime than any seen in the valley, except that derived 
from the Cretaceous at New Ulm, which probably comprises 
over 80 per cent, of pure carbonate of lime. Mixed wood 
costs hero ^2.25 per cord, and live or six cords are required 
for a hundred bushels. (See page 144.) 

At Mankato, besides the kilns of Maxfield & Sons, Capt. 
J. K. Beatty has recently erected a fine draw kiln. 

At New Ulm are the limekilnsof Wm. Winkelmann, Fran- 
cis Baasen and John Heiman, all burning lime from the Cre- 
taceous. Winkelmann burns about 1800 barrels per year, 
selling at the kiln, and at New Ulm, for *i. 50 per barrel. 
It here requires 20 cords of mixed wood, at §3.00 per cord, 
to produce 120 barrels of lime. When freshly burned this 
lime has very much the same color as the stone, though a 
little lighter, and slacks white. His kiln stands on the bank 
of the Minnesota, facing Xho water, and is built of red quartz- 
ite and boulders. Mr. Heiinan's kiln holds 150 barrels. 
Forty cords are needed to burn the kiln well, when filled. 
Wood costs S2.50 or J?3.0() per cord. Lime sells at a dollar 
or a dollar and fifteen cents per barrel. 

Above New Ulm boulders only are used for lime, the 
kilns being of rude (construction. Such are owned by John 
Edget and Charles Folsom, a short distance below Beaver 
flails, and by Andrew Brandin, M. C. Brace, Wm. Uavis 

and brother, Brennan, and R. U. Cory, above that 

I^lace. Large limestone bould(»rs occur about Redwood 
Falls. At Yellow Medicine the only lime made is derived 
from large boulders. P(»ter Casting burns a little lime 
from such bould(»rs at .Jannetteville, nearly opposite the 
mouth of the Yellow Medicine. At Granite Falls such 
boulders, occurring in a littUj ravine on the land of R. H. 
Baldwin, have been taken for rock in situ. At Mr. Hur- 
ley's, eight miles above Xha foot of Big Stone lake, excel- 
lent (quicklime is burned from surface boulders, some of 
which is marketed at Morris, in StevtMis county. 

T\m Cretaceous, at Uig Stone lake, holds large crystals 
of selenitc. They Tu? on the. surface of the weatered slope 
made by tlu» outcropping of a dark shale, and can be gath- 
ered in considerable (luajitilv. Tliev are, of course, em- 
braced within the shale. From the existence of sulphate of 
lime in quantities tliat render it of economical importance 
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in this formation in various parts of the country, it is pre- 
sumable that this horizon of outcrop is nearly, or exactly 
the same; and that at some future time, when sufficiently 
detailed exploration has been made, it may here i.)rove 
equally valuable. This place has been already described 
under the head of the Cretaceous. 

Fire clay. 

Prom the Cretaceous, near New Ulm, Mr. Christian Dauf- 
fenbach manufactures a good fire brick. The bank from 
which he takes the clay is fifteen feet above the river. It is 
of light color and when wet is plastic, but if dry it is hard 
and difficult to quarry, the use of powder becoming neces- 
sary. Horse power is used for his n^achinery. He has 
three kilns. This fire brick clay lies below a heavy stratum 
of white sand. If the white sand that occurs on the Maple, 
a few miles above its union with the Blue Earth, be the 
same horizon, this fire clay ought also to be found in the 
banks of the Blue Earth, a short distance above its mouth. 
In the settlement and material development of that part of 
the state, this stratum in the Cretaceous is destined to play 
an important part. (See page 185.) 

Foltrys clay. 

The Cretaceous also supplies, near the same place, but 
from a higher stratum, a good i)otter s clay, which is largely 
employed at New Ulm and at Mankato. It is owned by 
Silas Barnard. Mr. H. B. Kaufer, potter at Mankato, 
regards it as equal to the Carboniferous i)otter's clay of Ohio. 
The manufacturers at New Ulm are Winkolmann and Dauf- 
fenbach, and John Stoerket. The pottery sells for twelve 
and fifteen cents per gallon. (See page 18t).) 

Kaolin or China clay. 

It has been said already, in connection with the descrip- 
tion of the granites of tli(» valley, that the upper surface of 
the granites, where protected by the Cretaceous, is overlain 
by a heavy bod of kaolin clay, resulting from the cl(»compo- 
sition of the granite itself. There can bo no f[Ui?stion but that 
this deposit, or rather kaolinized granite, sincre it is decom- 
posed and lies in sitn. will become of great economical 
importance. Kaolin is not a common minora] in the drift 
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latitudes. It is common in New Mexico, where the granite 
is likewise found to be decomposed to the depth of 50 or 
more feet. It is also found in the Blue Ridge in Virginia, 
the mountain rock there being changed to impure kaolin to 
a considerable depth.* Although the purity of the kaolin 
of the Minnesota valley has not been established by tests, 
either practical or chemical, it is highly probable that some 
portions of it, at least, will be found to answer all the pur- 
poses for which such clay is generally used. 

Building stone. 

For construction, the Shakopee limestone holds at present 
a high position in the regard of builders. Its best estate is 
not seen at Shakopee but at Ottawa, Kasota and St. Peter. 
The Mankato quarries are equally as fine. The quarries at 
Kasota show a deeper shade of pink than those at any of 
the other foregoing places. The best stone yet furnished 
by this formation, was that put into the recent enlargement 
of the asylum at St. Petor. It was taken out near the 
asylum, and lies in very heavy and regular layers. The 
quarries at Kasota and at Ottawa have not yet pene- 
trated so deeply into the rock, but will prove to be thicker 
bedded as they are further wrought. Tlie Episcopal church 
at St. Peter, made of this stone, has a daric brown cornice, 
window frames and blinds, and the wall is painted dark- 
brown, making, although perhaps too somber, yet a very 
tasty and appropriate edifice for worship. It is low, and 
of gothic build. 

South from Mankato, on the Blue P^arth, the Maple and 
the Watonwan, are several very favorable openings, but 
there has not be(»n much working in this stone, nor in 
any other, in that ])art of Blue Earth county, the depen- 
dence being entirely on the quarries at Mankato. There 
is no reason, however, wliy the couutios of Martin and 
Faribault may not derive? all their stone for walls and for 
all building, from these southern quarries, saving them- 
selves the labor of tranHi>ortation six or ten miles. Stone 
from these quarries was used in the culverts and bridge 
piers along the new railroad from Mankato to Wells. At 
Garden City, the exposure in the bod of the river is owned 
by J. Willard. This outcrop has more the aspect of the 
Shakopee limestone, at Shakoi)ee, than any other seen, 

•Cmiipan' Am. Jtmi . Sri. ni:.1 Arts, 111, Vnl. VII. p. 74. 



STATE GEOLOGIST. 209 

and will not be found to furnish as handsome layers as the 
quarries at Mankato. 

At Jordan, the sandstone lying next below the foregoing 
limestone is somewhat employed for foundations, and has 
been put into some large buildings. It cuts well, and is 
in blocks about eight inches thick. It is rather too fria- 
ble, however, for general use. 

The St. Lawrence limestone is a very fine stone for building. 
It is tough, compact, and of a good color. Its bedding is 
symmetrical and of convenient thickness. The only quarries 
known are those at St. Lawrence and at Hebron and Jud- 
son. The Presbytericin church at Belle Plaine is built of 
the St. Lawrence stone, the trimmings being from Ottawa. 
In the Potsdam at Redstone, quarries are opened by Francis 
Bassen, Wm. Winkelmann and Frederick Meyerding. 

Of the granites and associated rocks there is a great 
variety. There is also every desired facility for quarry- 
ing them. The *'gray" and '* red" granites afford every 
kind of shading of color, and a great many beautiful com- 
binations of mineral contents and crystallization. The time 
cannot be far distant when a great many valuable open- 
ings will be made in the granites of the Minnesota valley, 
for the convenience of the southern part of the State and 
of Iowa. 

Brick. 

Common red brick, sometimes also brick of a lighter 
shade, are manufactured from the alluvium of the river at 
New Ulm and Mankato, as well as at other points further 
down the valley. The Mankato brick have a high reputa- 
tion, and are extensively shii)ped to St. Paul. The makers 
are Meihofer and Whitrock, Reed and Mather, Jager broth- 
ers, and Mr. Schlafle. At New Ulm, Wm. Winkelmann 
owns the only brickyard. At .Fordan, Charles Uodel makes 
a light-colored brick. 

Cojtper, 

At Shakopee a stock company exists for sinking a shaft 
to exjjlore for copper. It is said that in sinking a common 
well pieces of native copper were found. The shaft is to 
be as deep as that well which, when vigorously pumped, is 
said to afford particles of coi)per with tlu? water. Th(» lime- 
stone was struck at 18 feet. The work has not progressed 
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far enough to indicate the probable result. The limestone 
at Shakopee being of the same age as Calciferous sandrock 
of the east recalls the fact that they both belong to the 
Quebec group of Canada, which is regarded there as hold- 
ing the upper copper-bearing rocks of lake Superior. 

Timber ayid fuel. 

**The big woods" of Minnesota, consist of a southward 
prolongation of the timber belt about forty-five miles wide, 
in the central part of the state. The boundary of this pro- 
longation on either side, is not w^ell marked, the trees grad- 
ually becoming thinner and smaller, and more and more 
restricted to the valleys of streams, till the country is 
changed to a treeless prairie. The surface itself is more 
rolling than on the east or west. It may be thus described 
in general: Beginning a few miles west of Minneapolis the 
eastern edge of the big woods crosses the Minnesota in a 
line towards Lakeville, in Dakota county. Continuing in a 
southerly direction, it passes about a mile east of Cannon 
City, and of Owatonna, when it makes a short bend to the 
west and northwest, passing about six miles north of Was- 
eca, and near E. Janesville, in Waseca county. In Blue 
Earth county it is variously modified by the valleys that are 
tributary to the Minnesota from the south. Continuing 
west, about six miles south of South Bend, it turns north, 
and crosses the Minnesota. Running along the west side of 
the Minnesota, distant from it about four miles, it begins to 
boar olT to the northwest at St. Peter, and runs in nearly a 
direct lino to Darwin, on the St. Paul and Pacific R. R., 
bending a little to iho east, toward Glencoe, in McLeod 
county. In passing through these woods from Parmington, 
in Dakota county, to Shakopee, in Scott county, the fol- 
lowing species of trees and shrubs were seen. For ten or 
twelve niik?s after entering llio woods very few trees an 
seen, the oak shrubs being the largest and almost the only 
tree-like vegetation. About half way to the Minnesota riv- 
er the maple and largo elms, bass and iron wood appear. 

Oak shrubs. Anpan-nlly (^)iU'r(Mis ilicifolia. Wauy, 

Ha/.i'lnut. Corvlus rostraia. Ait.('f) 

lUir oak. QuiTcus inaiTocarpa. J/Zc/m*. 

Wliit«M»ak. QutTcus all»a. L. 

Wild rod j'hrrry. J*rniHis Prrinsylvanica. L. 

Tn'inblinj: a<iH*u. Populu^ trnmilnidos. Micfu. 

Suniar. iniusiyphina. A. 

Clu»ko cluTry. Truiius Vir^'iniana. /.. 



STATE GEOLOGIST. 211 

Wild plum. Prunus Aniericana. Marshall 

White ash. Fraxinus Americana. L. 

Sumac. Rhus glabra. L. 

Thorn. Cratu'^us. 

Rose. Rosa blanda. AiL 

Juneberry. Amelanchier Canadensis, Var. Botryapium. Torr, 

ana Gray, 
Round-leaved cornel. Cornus circinata. VHer, 
Common elder. Sambucus Canadensis. L, 
American crab-apple. Pyrus coronaria. L, 
[The young twigs and the under surface of the leaves are very woolly- 
pubescent.] 
Blaclc cherry. Prunus scroti na. Ehr, 
Frost grape. Vitis cordifolia. Michx, 
American elm. Ulmus Americana. L.(Pl,Clayt,) Wilhh 
High bush cranberry. Viburnum Opulus. L. 
Two or three species of willow. Sallx. 
Green ash. Fraxinus vi rid is. MicJix.f, 
Priclcly ash. Zanthoxylum Americanum. Mill, 
Cocks pur thorn. CratiPs^us crusgalll. L, 
Red raspberry, Rut)us stirgosus. Micfix, 
Blaclc currant. Ribes tloridum. L. 
Cottonwood. Populus monilifera. Ait, 
Large-toothed aspen. Popul us grand identata. Michx, 
Bass. Tilia Americana. L, 
Red raullHjrry. Morus rubra. L, 
Iron wood. Ostrya Virginica. Wilhh 
Sugar maple. Acer saccharinum. Wany. 
Soft mapel. Acer rubrum. L, 
Alternate-leaved cornel. Cornus alterni folia. L, 
Bitternut. Carva aniara. Nutt. 

[Rare east (»f Spring Lalce.] 
Butternut. Juglans cinerea. L. 

[Very rare except at Spring Lake and westward.] 
Slippery elm. Ulmus fulva. Michx, 
Stagiiorn sumac. Rhus typhi na. L. 
Tamarac. Larix Aniericana. Mirhu:. 
Box elder. Xegundo aceroides. Momrh. 
Wolflierry. Symphoricarpus occidtintalis. It Br. 
Panicled cornel. Cornus paniculata. VM*:r. 

[Tluj most coiiinion species of Cornua.] 

In ascending the valley the following additional species 

seen: 

Kentuclcy cotTee tree. Gyninocladus Canadensis. Lam. 

Red cedar. .luniperus Virginiana. L. 

Blaclc walnut. Juglans nigra. L, 

Hackl)erry. CVltis occidi'ntalis. L. 
t The hickory grows to about six inch».»s in diameter and then is invar- 
iably winter-killed. A tract of many acn*s is now being cut near 
St. Peter for fuel, having been kWWiX the past winter. All the treos 
are small. Tho hackbi-rry is used for fufl, and ft)r furniture. It 
isc^mimonest in thi» heavy tinilxT. Tht» butternut is rari'ly large. 
The box'elder sometimes exrertls three feet in diann'ter.J 

Blue beech. Carpi nus Aiii«jricana. J/iWo;. 

Yellow or gray birch. B«»tula lutea. Midu:. f. 
[There is said t(» be aspeci«;s of locust at St. lVter/!>ut it has not been 
recognized i)y the surv(»y. The al»f»ve species of birch has oblong 
catkins, and spreading lobes on the scales which are 3 inches long. 
The lobes are obtuse.] 
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The trees and shrubs of Big Stone lake. 

At Mr. Hurley's, eight miles above the foot of Big Stone 
lake, on the north side, the following trees and shrubs were 
seen growing: 

Trees — In the order of abundance. 

White ash. Fraxinus Americana. L. 
Bur oak. Quercus macrocarpa. Midix, 
Basswood. Tilia Aiucricana. L. 
Ehu. Uhiius Americana. L. (PL Clayt.) Willd. 
Box elder. Negundo aceroides. Moench. 
[This makes a very fine '*maple sugar" and syrup. It is abundant on 
the islands.] 
Cottonwood. Populus monilifera. Ait. 
Hackberry. Celtis occidental is. L, 
Ironwood. Ostrya Virginica. Willd. 
Soft maple. Acerrubrum, L. 
Wild plum. l*runus Americana. Marshall. 
Slippery elm. Ulmus fulva. Michx. 
"VVillow. Salix nigra. Marshall. 

Shrubs. 

Grape. Vitis icstivalis. Michx. (?) 

Gooseberry, (prickly;. Kibos Cynosbati. L. 

Gooseberry, (smooth). Ribes rotundifolium. Michx. 

Wolfberry. Symphoricarpus occidenlalis. It lir. 

Black currant. Ribes florldum. L, 

Prickly ash. Zanthoxylum Americanum. Mill. 

Red raspberry. Rubus strigosus. Michx. 

Black raspberry. Rubus occidentalis. L. 

Sweel elder. Sam]>ucus V 

Swei't viliurnum. Viburnum Lentago. L. 

Red osier dogwood. Cornus stolonifera. Michx. 

I51tlerswe(.*l. Celastrusscandens L. 

Choke cherry. Rrunus Virginiana. L. 

Red rose, iiusa lueida. J^hr. (?) 

AVhit*; ros«'. Rosa blanda. AH. 

Virginia cn't'p«'r. Amprlopsis (juiniiuefolia. Michx. 

Waahoo. Eut»nymus airopur])ureus. Jfn'n. 

Smooth sumac. Rhu'* typhina. L. 

[Tlio li.st of plants of Minnesota by Dr. I. A. Lapham, 
alluded to in tho address to the ])rosident, is witiiheld for 
future publication. 
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ADDRESS. 



the President of the Utiiversittj : 

Tbe regular work of the geological and natural history 
vey of the state was interrupted during the season of 
4. The condition of the new buildings at the Univer- 
f has been such that no chemical work could be satisfac- 
ily done, and very little has been accomplished. The 
le cause deranges the geological laboratory and delays the 
)acking and examination of specimens. Not a room has 
n available during the season for opening and unpacking 
:es. 

i the close of the spring term in the University, the 
rd of regents granted the request of Col. Wm. Ludlow, 
3. T. E., and allowed the departure of the state geolo- 

with the expedition of general G. A. Custer to the Black 
3 of Dakota. He was absent during July and August. 
s again broke in upon plans that had been laid for a 
irous prosecution of the field-work of the state survey. 

regents, however, rightly regarded the exploration and 
^lopment of the Black hills of Dakota as largely tribu- 
' to the state of Minnesota, while the accessions thai 
Id be made to the University museum were likely to 
e than repay the expense and time required. The young 
e of Minnesota also may claim the honor of sending the 
» geologist through the unexplored interior of the Black 
3, so long involved in mysterious and legendary uncer- 
ty. A report on the geology of the route and of the 
ok hills of Dakota is herewith transmitted.* The prob- 
B that have long been debated by geologists concerning 

relative ages of certain sandstones of the Lower Silurian 

»7 order of the Board of RoKvnts this report has been trHDsmItt<;d t-o Col. Wm. 
.ow. 
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receive some light by the geological examiDation of i 
Black hills, and some of the detailed sections of those roe 
given in the accompanying report, are exceedingly inters 
ing. Every facility, except a sufficiency of time, was pla^ 
at my disposal by Gen. G. A. Custer, through Col. Ludlo 
for the prosecution of the geological examinations. T 
expedition, being restiicted to sixty days, and with pro^ 
sions only for that length of time, was compelled to pa 
over the ground faster than was conducive to a full kncm 
edge of the geology of the region traversed. 

After my return from the Black hills, delayed somewha 
by sickness in my family, and by the necessary preliminai 
work for the accompanying report, I had only time to con 
plete the examination of two counties. I chose Freeboi 
and Mower, those being next the state of Iowa and with' 
the possible coal area of Minnesota. A local interest he 
been excited in Freeborn county by the development of 
shaft at Freeborn which was reported to go through sever 
feet of good coal. This region has been thoroughly e 
plored and the full details are contained in the accompanyic 
report on that county. I am greatly obliged to Wm. Mori 
Esq.. of Albert Lea, for guidance and assistance in the sc 
vey of Freeborn county, and to Hon. A. A. Harwood, 
Austin, for the same in making the survey of Mower count 
Various parties have submitted to the survey, for anal 
sis, ores from the northern part of the state, and have Sh 
plied for assistance in exploring those portions of the nort 
ern part of the state that are known to afford indications 
the precious and useful metals. In some cases these s& 
pies of ores have been received and analyses have been pj 
cured, through the agency of the survey, by chemis 
abroad ; but it has not been possible to afford any guidac 
to persons applying for assistance in field exploration. 
is exceedingly desirable that the chemical laboratory, n< 
nearly completed, be made available for the work of 1 
survey, as soon as possible. 

In the early part of the season, a pamphlet on Peat 
domestic fuel, was prepared, at my request, by Prof. 
F. Peckham, the chemist of the survey, for general dis^ 
bution. Several hundred copies have been gratuitously c: 
tributed to those citizens of the state interested in the & 
ject of peat fuel, and it was i^rinted in full by the Farrr^ 
Union, the principal agricultural newspaper of the st*? 
It was hoped thereby to give the needed information ^ 
cerning the nature and outward characters of peat, 
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farmers and others living in the treeless districts, that would 
enable them to discover and to make use of it as a common 
fuel where it exists, if they should feel so disposed. 

During the season of 1873 but very little good peat was 
toond in the counties of Jackson, Cottonwood and Nobles ; 
but in the examination of Freeborn county, during the past 
season, inexhaustible quantities of the best qualities of 
fibrous peat were met with. Mower county contains very 
little. 

Very respectfully, 

N. H. WINCHELL. 

The University of Minnesota, ) 
Minneapolis, Dec. 31, 1874. j 
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REPORT ON THE GEOLOGY 
FREEBORN COUNTY. 



Situation and area, 

Freeborn county borders on the state of Iowa, j 
very near the center of the southern boundary line oi 
nesota. It has the form of a rectangle, having a L 
east and west, of five government towns, and nort 
south, a width of four, makinsr an area of 720 square 
or 449,235.63 acres, after deducting the areas cover 
water. 

Natural drairmr/e. 

With the exception of Freeborn. Hartland, and Char 
townships, the surface drainage is toward the scut 
southeast. The countv embraces the head waters t 
Shellrock and Codar rivers of Iowa, and those of the 
river, which joins the Minnesota toward the north, 
it lies on the watershed between two great drainage s 
For the same reason none of its streams are large 
Shellrock, where it leaves the state, being its largest, 
streams have not much fall, but afford some water-j 
which has been improved in the construction of fl( 
mills. Such are found at Albert Lea and at Twin I 
In these cases the body of water confined in the upjDO 
serves as the water-head and reservoir, the mills bein 
structed near their outlets. There is also an availab: 
ter- power at Shellrock village, but its use would cam 
flooding of a large body of land adjoining the river. 

Surface features. 

The surface of the county, although having no rema: 
and sudden changes of level, yet is considerably dive 
as a rolling prairie, more or less covered with spars< 
and oak bushes. The plats of the United States surv 
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lie in the register's office at Albert Lea, indicate con- 
rably more area covered with timber, or as '*oak open- 
, " when the county was surveyed by them, than is now 
;ase. The following minutes are based on an examina- 
of their plats, and will give a pretty correct idea of the 
•ibution of the oak openings and the prairie tracts 
ughout the county. 

'Tidoji. The most of this township is prairie, a belt of 
openings and timber entering it from the north, about 
B miles wide, in the center of the town, and extending 
le center, bearing off to the SE., and terminating in 
2-1. The magnetic variation throughout the town wks, 
a surveyed (1854) from 8'^ 20' to 10" 42', the greatest 
g in sees. 33 and 34. 
ikland, A little more than a half of this township con- 

of oak openings, an area in the eastern half only be 
prairie, with a small patch also in sec. 31. Two large 
?hs cross the town, one through sections 30, 31 and 32, 
the other through sections 4, 5, 8, 7 and 18. Magnetic 
itions about 9°, varying from 8" 12/ to 10° 8', in 1854. 
)8cow Nearly the whole of this township is taken up 

oak openings and marshes. Turtle creek crosses it 
I NW. to SE. A large portion of the northern half of 
x>wn is a floating marsh, containing a great quantity of 
. Mag. var. from 9° 20 ' to 10^ 20 ^ in 1854. 
IV i^. There is a small patch of prairie in the north - 
part of this town, sees. 1, 12, 13 and 24, and a small 

in sees. 20 and 21. There is another in the NW. cor- 
embracing sections (5 and 7, and parts of 5, 8 and 18. 
rest is openings and marsh, particularly of marsh in the 
corner. Mag. var. 8'^ 20 / to 9^ 40', in 1854. 
ellrock. A belt about 11 miles wide along the west 
of this town, accompanying the Shellrock river, consti- 
j the only openings or timbered portion, the rest being 
fie. This district also comprises some marsh, viz., sees, 
id 31. Th first house in the county was built in sec. 
1 this town, in the SW. quarter. Mag. var. 8" 45' to 
.5' in 1854. 

tyivard. A wide belt of prairie occupies about two- 
Is of this town, running N. and S. through the center, 
he west of this is a rolling tract embracing a portion of 

Albert Lea and some tributary marshes, while on the 
a large marsh covers sections 12 and 14, and portions 
3, 11, 15, 22 and 23. There is also a prairie tract in 
1. 
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liiceland. This township is about equally divided be- 
tween prairie, openings and marsh, the first being in the 
south central portion, the second in the northwest and cen- 
tral, bordering on Rice lake, and the marsh in the north- 
eastern part of the town. Mag. var. from 8° 45' to 10" 30'. 

Geneva, There is but little prairie in this town, the 
southern portion being comprised in a large marsh which is 
crossed by Turtle creek, the outlet of Walnut lake. The 
central portion is occupied, by oak openings which also 
extend to the NW. and W. boundaries. The prairie is in 
the northern and eastern portions. Mag. var. 9° 10' to 10° 
23' in 1854. 

Freeman. This township comprises no prairie. It is 
mostly devoted to oak openings, but a series of marshes, 
drained by the tributaries of the Shellrock, that cross it to- 
ward the SE. take up a considerable area in the central and 
eastern portions. Mag. var. 9^ to 10^ 40' in 1854, the 
greatest being in sec. 31. 

Albert Lea. This township is nearly all taken up with 
oak openings, but a few small marshes, trending NW. and 
SE., are found in different portions. There is also a small 
patch of prairie in sec. 0, and another in the SE. corner of 
the county. The western arm of Albert Lea lake, through 
Avhich the Shellrock river runs, is in the central and eastern 
part of this town, and adds greatly to the variety and beauty 
of its natural scenery. Pickerel lake is also partly in this 
township. Mag. var. 8 46' to 10 08' in 1854. 

Bancroft. A little more than one-fourth of this township 
is prairie, situated in the ccmter and southwestern portions. 
The rest of the town is covered with oak openings. The 
source of the Shellrock is in the NW. part of this town. 
Mag. var. 8' 50' to 10 15' in 1854. 

Bath. An area of openings comprising about half of this 
town in the central and eastern portion, is nearly surround- 
ed by a belt of i>rairie. Small marshes are scattered through 
the town. Mag. var. 8 45' to 10 J>5' in 1854. 

Nunda. This town is also mostly openings, but an area 
of prairie occurs in sees. 4, 5, 9 and 3, and another lies 
southwest of Bear lake. Considerable marsh land is em- 
braced within the area of openings. Mag. var. in 1854 
10^ 5' to 1:1' 15', the latter in sec. 31. 

Pnkeref. The west half of this township is prairie, and 
the eastern is devoted to openings with lakes and marshes. 
Mag. var. 9' 45' to 11' 50' in 1854. 

Mat}f'Jie.sfer. About one-half of this town is prairie, the 
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remainder being oak openings. The prairie lies in the north- 
nrestern and southern portions. Small marshes occur both 
in the prairie and openings. Mag. var. 10° to 12'' 15' in 
1854. 

Hartland. This town is almost entirely composed of 
prairie, the only timber being about Mule lake, and in the 
southern portions of sees 34, 35 and 36. There is not 
DQUch marsh in the town. Mag var. 9"" 45' to 12° 25' 
(1854). 

Manfifield This town is nearly all prairie, a small patch 
)f oak openings occurring in sees. 3, 10 and 15. The NW. 
)art of the township is rolling and the SP]. is level and wet 
rith marshes. Mag. var. 11" 30' to 13" 40' (1858). 

Alden. This town is all prairie, with scattered small 
larshes. Mag. var. 11' 27' to 13 ' 15' (1854). 

Charleston. This town is all prairie, except a narrow 
elt of sparce timber about Freeborn lake. Long narrow 
larshes spread irregularly over the central and eastern por- 
ions of the town. In the SE. quarter of sec. 36 there 
s also a small area of sparse timber. Mag. var. W 13' to 
3°' (1854). 

Freeboni. In this town there is a little sparse timber 
bout the north ends of Freeborn and Spicer lakes, and a 
ittle adjoining Spicer lake on the east. There arc also 
ome openings in sec. 26, where the arms of the marsh pro- 
BCt the timber from the prairie fires. The rest is of prairie 
rtth spreading marshes. Mag. var. (1854) 11 "" 55' to 
2^ 50'. 

North and west of Albert Lea is a very broken and roll- 
Qg surface of sparse timber. This tract consists of bold 
tills and deep valleys wrought in the commou drift of the 
ountry. On some of these hills are granitic boulders, but 
he country generally does not show many boulders. The 
Irift is generally, in this broken tract, a gravelly clay. In 
ome of the street cuts for grading a gravel is found, con- 
aining a good deal of limestone. 

A great many of the marshes of the county are surround- 
A with tracts of oak openings, a fact which indicates that 
he marshes serve as barriers to the prairie fires. Such 
aarshes are really filled with water, and quake with a heavy 
•eat deposit on being trod on. They are very different 
rom those of counties further west, as in Nobles county, 
'hich, in the summer, are a4)t to become dried, and are an- 
ually clothed with a growth of coarse grass, which feeds 
ae fires that pass over the country in the fall. As a gene- 
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ral rule, but little or no grass grows on a good peat marshy 
The contour of the surface of the country is further exem 

plified by the following elevations obtained from lines rui 

by railroad surveys. They were furnished by Wm. Morin 

Esq., of Albert Lea. 
Elevations taken from a preliminary survey made ii 

July, 1870, through Freeborn county. Minn., by W 

Morin : 

Curumencinjj on the stato line (south), 930 feet east of the i stake, e 

south side of section 32. T. 101, H. 20: thence north to Shellrock Cit^ 

on sec. 6, T. 101, li. 20: thence N. 40"' W. to Albert Lea, on sec. 8, ^ 

102, R 21: thence N. 4i.V E. to Geneva, on sec. 7, T. 104, R. 20, a 

thence N. to the Steele county line. 

Above oce»F- 

Station No. 1 At point im feet E. of ^ stakt', on sec. 32, T. 101, 20. 1, 

" 100 1, 

*' VA) 1, 

'' lim-io— Water in Shellrock river, east bank 1, 

'• 200 80— •* " " west bank l,i 

" 300-Sheilrr)rk City (town plat) 1*, 

494— Suniniit between Shellrock and Albert Lea. 1 S i 1.^ 

*• (554 -AlbtTt Lea (town plat) i~ ! 1,^= 

Lake Albert Lea f = 'l 1,S 

'• 1064-Sunnnit at Clark's Grove J Z L 1."- 

Gonrva lak«' (or Walnut lake) 1,^ 

" 13:;0-At Sterl.* cnunty line. sec. '>, T. 104, 20 l,ll 

Elevations obtained from O. D. Brown, Esq., engi 
on S. M. R. R. : 

Milwaukee arnl St. Paul II. U.- Top of rail at Kanis«'y U i 

Water in Turtle cn'ek- 4 niiU*s west of " 1, :« 

Oakland siatinn <> mil."- " *' l,Z 

Hijr uiarsli 12 niiU-s *' '■' ],:s 

Lake Albert L.'a-2u niil«'S ♦' " .1,1 

Grade at Albert Lr-a drjiot 1..:^ 

.Ti*nnin^f's summit "> mili> wi*st of Albert Lea 1 , 

Grade at Aldrn station— lOHuiles west of Albert Lea 1 » tT 

" "Wells *• 20 " •' '* »' 1, 

The country thus aj)poars to contain some of the high.^ 
land in tho statt'. Som(* of tho counties farther west, i>r 
ticularly Nobb\s, and Mowor county on the east, rise fr^ 
one to two hundred fiM't liigher. There is also a high 
rollin^j: tract in tlu» north central portion of the state, co 
ing Otter Tail county, which rises to about the same Ig^^^ 
as .shown by railroad protilos. The greater portion of 
state, however, lies sevi'ral hundred feet lower than 
born count v. 
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Soil and timber. 

Throughout the county the soil depends on the nature of 
lie drift combined with the various modifying local circum- 
tances. There is nothing in the county that can properly 
»e designated a ''limestcme soil,'' or a ''sandstone soil."* 
Phe materials of which it is composed have been transported 
>erhaps several hundred miles, and are so abundantly and 
iniversally spread over the underlying rock that they receive 
lo influence from it. The subsoil is a gravelly clay, and in 
nuch of the county that also constitutes the surface soil. In 
ow ground this of course is disguised by a wash from the 
ligher ground, causing sometimes a loam and sometimes a 
Lough, fine clay; the latter particularly in those tracts that 
ire subject to inundation by standing water. On an undu- 
lating prairie, with a close clay, or clayey subsoil, such low 
spots are apt to have a black, rich loam or clayey loam, the 
color being derived from the annual prairie tires that leave 
charred grass and other vegetation to mingle with the soil. 
The same takes place on wide tracks of flat prairie. In these 
there may be but rarely a stone of any kind — indeed that is 
usually the case — but below the immediate surface, a foot or 
eighteen inches, a gravelly clay is always met with. This 
at first doubtless formed the soil, the disintegrating forces of 
frost, rain and wind, combined with the calcining effects of 
the prairie fires, having reduced the stones and gravel to 
powder, leaving a finely pulverized substance for a surface 
soil. In a rolling tract of country, while the low ground is 
Deing filled slowly with the wash from the hills, and furnished 
vith a fine surface soil, the hills are left covered with a 
soarse and stony surface soil. For that reason a great many 
Doulders are sometimes seen on the tops of drift knolls. 
\long streams, and about the shores of lakes, the action of 
:he water has carried away the clay of the soil and often 
^aten into the original drift, letting the stones and boulders 
bumble down to the bottom of the bank, where thoy are often 
very numerous. Along streams they are sometimes again 
covered with alluvium, — indeed are apt to be — but along the 
shores of lakes they are kept near the beach line by the ac- 
tion of winter ice. After a lapse of time sufficient, the banks 
themselves become rounded off, and finally turfed over or 
covered with trees. These lakes sometimes extend their 
limits laterally, but slowly become shallower. 
This county is furnished with a number of very beautiful 
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lakes These are generally in the midst of a rolling country, 
and some of their banks are high. 

In the survey of the county the following species of trees 
and shrubs are noticed growing native : 

Burr oak. Quercus macrocarpa Mirhx. 

Uod oak Quorcus rubra L. (This species is not satisfactorily 

identiOcd.) 
Aspen. Populus trHinuloides Michx. 
Elm. rimus aiiiericana (PL clayt.) Willd. 
lUack cherry. Prunus scroti na IJhr. 
American crab. Pyrus coronaria L. 
Bittern ut. Gary a aiuara JS'ntt. 
J^lack Walnut. Jujjrlans nl^'ra L. 
Wild plum. Prunus americana Afar."//. 
White ash. Fraxiruus americana L. 
Butternut. Ju^'lans cintjrea L. 
Hazlenut. Corylus auierii^aua Walt. 
Frost ^rrape. Vitis cordifolia Michx. 
liittersweet. Celastrus scandens L. 
Smooth sumach. Rhus glabra L 
lied raspberry, llubus strigosus Michx. 
Uoso. Rosa iilanda Aif. 

Wolfberry. Symphoricarpus occidentalis R. Br. 
Bas"*. Tilia americana L. 
Prickly ash. Zanthoxylum americanum Mill. 
Cornel. ( Di fTorent species. ) 
Willow. (Different species.) 
<ioi)seberry (prickly). Kibes cynosbati L. 
Tliorn. Cratae^rus cocci nea L 
Hackbt^rry. Celtis occidentalis L 
Su^jar maple. Acer saccharinum \Vnu[/. 
Cottonwood. Poi)uIus monilifera Ait.' 
Soft maple. Acer rubrum Jj. 
Cockspur lliorti. Cratae^rus crus-^ralli L. 
.Slippery elm. T'lmus fulva Michx. 
Black ash. Fraximus sami)Ucifolia Lam. 
Hi^h-bush cranberry. Vil)urnum opulus L. 
Choke-cherry. Prunus virj^iniana L. 
Sha^rbark hickory. Carya alba yutt. (On M. L. Bullis' land iu 

Moscow towribhip, near tlio county line.— i4. A. Haricood.) 

Besides the foregoin*^, the following list embraces trees 
that are frequently seen in cultivation in FreeV^orn county: 

Spruce. 

lied cedar. Juniperus vir^nniana L. 
.Mountain Ash. Pyrus americana J). C. 
I^aisam poplar. Populus balsamifera L, Var. car)dicans. 
Lombardv poplar. Populu-; dilatata Ait. 

Locust. Robinia jvseudacacia L. (Th<* loirust dies out in Free- 
born county.) 
Hackmatack. Larix americana Mirhx. 
Arbor vitae. Thuja occidentalis L. 
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The geological siruciure. 

There is not a natural exposure of the underlying rock in 
Freeborn county. Hence tha details of its geological struc- 
ture are wholly unlrnown. It is only by an examination of 
outcrops in Mower county and in the adjoining counties of 
Iowa, together with a knowledge of the general geology 
)f that portion of the state, that anything can be known of 
;he geology of Freeborn county. In the absence of actual 
'Utcrops of rock within the county, there are still some evi- 
ences of the character of the rock that underlies the county, 
1 the nature and position of the drift materials. There is, 
esides, a shaft that has struck the Cretaceous in the north- 
J'estern portion of the county, in exploration for coal. 

Altnough the drift is heavy it lies in such positions that it 
hows some changes in the surface of the bed rock. It is a 
irinciple pretty well established that any sudden great alter- 
ation in the rock from hardness to softness, as from a heavy 
imestone layer to a layer of orosible shales, or from shales 
more enduring sandstone, each stratum having a consid- 
rable thickness, is expressed on the drift by changes from a 
ough and rolling, more or less stony surface to a flat and 
early smooth surface, or vice versa. It sometimes happens 
hat the non- outcropping line of superposition of one impor- 
ant formation with another, either above or below, can be 
raced across a wide tract of drift covered country by fol- 
owing up a series of gravel knolls or ridges that accompany 
t, or by some similar feature of the topography. Again, 
he unusual frequency of any kind of rock in the drift at a 
rertain place, especially if it be one not capable of bearing 
ong transportation, is pretty good evidence of the proximity 
)f the parent rock to that locality. 

Applying these principles to Freeborn county, we lind 
hroughout the county a groat many boulders of a hard, 
vhite, compact magnesian limestone, that have been exten- 
iively burned for quicklime. These attracted the attention 
>f the early settlers, and before the construction of the 
southern Minnesota railroad supplied all the lime used in 
he county. Although these boulders are capable of b3ing 
iransported to a great distance, their great abundance points 
o the existence of the source of supply in the underlying 
}ed-rock. In the drift also are frequently found pieces of 
ignite, or Cretaceous coal, which cannot be far transported 
>y glacier agencies. This also indicates the existence of the 
Dretaceous lignites in Freeborn couuty. In regard to changes 
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in the character of the natural surface, we seen a evenly flat 
and prairie surface in the western tier of towns, and in the 
southeastern part of the county, and a hilly and gravelly 
tract of irregular shape in the central portion. There are 
two ridges or divides, formed superlicially of drift, that 
occur in the central part of the county, one north of Albert 
Lea, and the other south of it, separated about eleven miles, 
as shown by a series of elevations from a preliminary R. R. 
survey by Mr. Wm. Morin. already mentioned. What may 
be their direction at points further removed from Albert 
Lea it is not possible to state with certainty, but on one side 
they seem to trend toward the NW. Indeed there seems to 
be an NW. and SE. trend to the surface features of Free- 
born county generally. Such rough surfaces, and especially 
the ridges of drift, arc more stony and gravelly than the flat 
portions of the county. They mark the location of great 
inequalities in the upper surface of the underlying rock, 
the exact nature of which cannot be know^n. 

In addition to the.se general indications of the character 
of the rock of the county, the shaft sunk for coal at Freeborn, 
reveals the presence of the Cretaceous in that portion of the 
county, and examinations of the nearest exposures in the 
neighboring county of Iowa, disclose the Hamilton limestone 
of the Devonian age. This limestone is exactly like that found 
so abundantly in the form of boulders in Freeborn county. As 
the general direction of the drift forces was towards the 
south, and as the strike of the Hamilton in Iowa, according 
to Dr. C. A. White (see his map of the geology of Iowa, 
Final Report, 1870) is toward the N. W., there is abund- 
ant reason for concluding that that formation also extends 
under Freeborn county. The preliminary geological map 
of the state of Minnesota, published in 1872, indicates 
Freeborn county almost entirely underlain by the Devon- 
ian, the only exception being in the northwestern corner. 
How much further toward the N. W. these limestone boul- 
ders can be traced with equal abundance, the explorations 
of the survey have not yet revealed. The Devonian does 
not certainly cross the Minnesota river. Yet in McLeod 
county, which lies in the line of strike of the Devonian of 
Iowa and Freeborn county toward the N.W., on the oppo- 
site side of the Minnesota river, the same limestone boul- 
ders are very abundant, some being so large as to have been 
reputed rock in situ, and quarried as such till exhausted. 
The northwestern corner of Freeborn county has been re- 
garded as underlain by a limestone of the age of the Nia- 



STATE GEOLOGIST. 157 

ara, belonging to the Upper Silurian, that formation in the 

I^orthwest coming directly below the limestones of the De- 
^''onian. That may be correct ; but it is certain that there is 
i XX the neighborhood of Freeborn an area of the Cretaceous, 
^which must, in that case, overlie the Silurian limestones. 
rC*his Cretaceous area is believed to extend north and south 
s^ross the vest end of the county, and to be roughly coin- 
evident with the flat and prairie portion in the western part 
of the county, in which case it always overlaps the Devonian. 

Explorations for coaf. 

In common with many other places in southern Minne 
seta, Freeborn township, in the northwestern corner of this 
<;ounty, has furnished, from the drift, pieces of Cretaceous 
lignite that resemble coal. These have, in a number of in- 
stances, incited ardent expectations of coal, and led to the 
outlay of money in explorations. Such pieces are taken oat 
in digging wells. The opinion seems to grow, in a commu- 
nity where such fragments are found, that coal of the Car- 
boniferous age exists in the rocks below. In sinking a drill 
for an artesian well, at Freeborn village, very general atten- 
tion was directed to the reported occurrence of this coal in 
a regular bed, in connection with a '*slate rock.'' This lo- 
cality was carefully examined, and all the information was 
gathered bearing on the subject that could be found. The 
record of the first well drilled is given below, as reported by 
the gentleman who did the work : 

1 . Soil and subsoil, clay IT) foet. 

2. Blue clay -iii feet. 

3. * •Conglomerated rock,'' (had to drill) 2 inches. 

4. Sand and water .1 fret. 

5. Fine clay, tough, hard to drill, with gravel and 
limestone pebbles 60 feet. 

6. Sand and water 4 inches. 

/ 7 feet. 

) 5 feet 4 inches 



8 «»Coaf"'^^^^'' I Probably Cretaceous. 



Total depth 127 feet, 10 inches 

This indication of coal induced the drilling of another 
>vell, situated 100 feet distant, toward the N. E. In this the 
record was as follows, given by the same authority : 

1 . Soil and subsoil, clay l.i fe«a. 

2. Blue clay 3.3 feet. 

3. "Conglomerated rock*' 2 inches. 

4. Sand with water, and pieces of coal 12 feet. 

Total depth 60 feet 2inches 
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When the drill here had reached the **conglomeratedrock" 
it was supposed to have reached the **slate rock," No. 7 of 
the previous section. The amount of coal in the sand of 
No. 4 was also enough to cause it to be taken for No. 3 
of the previous section. Hence the boring was stopped; 
and having thus demonstrated the existence of a coal-bed, 
to the satisfaction of the proprietors, the enterprise was 
pushed further in the sinking of a shaft. In sinking this 
shaft water troubled the workmen so that at 35 feet it had 
to be abandoned. 

Three quarters of a mile north of these drills a shaft was 
sunk 57 feet, but not tinding the coal as expected, according 
to the developments of the last section above given, the ex- 
plorers stopped here. In this shaft the overseer reports the 
same strata i)assod through in the drift as met with in the 
first well drilled, but the so called ^'conglomerated rock" 
was met at a depth of 45 feet. The sand below the * 'con- 
glomerated rock" here held no water, but was full of tine 
pieces of coal. Before sinking the shaft at this place a drill 
was mad(^ to test the strata. These being found **all right'' 
the shaft was V)egun. In that drill gas was first met. It 
rose up in the drill hole, and being ignited it flamed up 8 or 
10 feet with a roaring sound. The shaft was so near the 
drill hole that it drew olT the gas gradually, allowing the 
intermixture of more air, thus preventing rapid burning. 
From this place the exploration was redirected to the first 
situation, where another shaft was begun. This was in search 
for the "lower rock," so called, or the "slate rock" sup- 
posed to overlie the "coal." Here they went through the 
same materials, shutting oiT the water in the five foot sand- 
bed, and 00 feet of fine clay, when water rose so copiously 
from the second sand-bed (No. 6 of the first section given) 
as to compel a cessation of the work. In this shaft were 
found small pieces of the same coal, all the way. These 
pieces had sharp corners and fresh surfaces. The total depth 
here was lOt) feet, and the water seems to have been im- 
pregnated with the same gas as that which rose in the drill 
at the point three-fourths of a mile distant. Such water is 
also found in the well at the hotel in Freeborn. With sugar 
of lead it does not present the reactions for sulphuretted 
hydrogen, and the gas is presumed to be carburetted hy- 
drogen. 

This account of explorations for coal is but a repetition 
of what has taken i)lace in numerous instances in Minnesota. 
The Cretaceous lignites have deceived a great many, and 
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xsiderable exspense has been needlessly incurred in frult- 
s search for good coal. In the early dist.overy of these 
nites some exploration and experimentation within the 
Lits of the state were justifiable, but after the tests that have 
eady been made it can pretty confidently be stated that 
se lignites are at present of no known economical value. 
is, not in ignorance of the fact that they will burn, or that 
jy contain, in some porportion, all the valuable ingredients 
^t characterize coal and carbonaceous shales, but in the 
lit of the competing prices of other fuels, the cost of min- 
5 them, and the comparative inferiority of the lignites 
smselves. If they were situated in Greenland they would 
obably be pretty thoroughly explored, and extensively 
ued, and even there they would have a powerful competitor 
the oil there in use.* 

TJie drift. 

This deposit covers the entire county and conceals the 
ck from sight. It consists of the usual ingredients, but 
,Ties with the general character of the surface. In rolling 
acts it is very stony and has much more gravel. In fiat 
acts it is clayey. It everywhere contains a great many 
»ulders, and these are shown abundantly along the beaches 
the numerous lakes of the county. The frequency of lime- 
one boulders, and their significance, have already been 
antioned. Thousands of bushels of lime have been made 
)m such loose boulder masses, mainly gathered about the 
ores of the lakes. 

'n general the drift in Freeborn county consists of a gla- 
r hardpan, or unmodified drift. Yet in some places the 
per portion is of gravel and sand that show all the effects 
running water in violent currents. The beds here are 
ique, and subject to sudden transitions from one material 
another. At Albert Lea the following section was ob- 
ved. It occurs just west of the center of town. It cov- 
. eight feet perpendicular, and eight feet E. and W. 

C30 the second annual report, pp. 187 and 201. 
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Section in the dfift at Albert Lea. 
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Ina.r-ii^tl bitik it \ll)fitL< » icconliUp, to Mr William 
Morin lilt- jawboni, of i. mvslodon w is found a numbei of 
ieais a„o. Il ^\Jii sLiil to bl. P.ml. <iu(.l is supposed to be 
prose rvt'd. 

Till" avcroK'' lliiclcucss ol' tin; drift in Precboru county 
would not viify much probiibly from lOl) f(>et. 

In llic! survi^y of Mif county cousidcniblo attention was 
paid to tile plienniiu'iiu of cntinnnn wolls. with a view to 
learn the uuturo ami lliicUiioss of this deposit, and the Tol- 
lowinjj list is the result of nolds made : 

HW/.V.!/- Frr. ',..,;> ronnl.j. 

Good water is {generally found llirnutibout the county, in 
the drift, at depths l.sss than HO fi.-et: but some deep wells 
that occur within the Cretucooiis bull, in the western part of 
the county, are spoiled by carbiiretted hydrofren. Tliis 
must rise from carbonaceous sliales in llie CretJiceous, and 
indicatt^s the extent of that formation. Mu«^h of the infor- 
mation contained in the foUowinj^ tabulated list of wells was 
obtained by W. A. Hijjgins. well borer, of Albert Lea: 
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One-half bu.of coal at 26 ft. 
Pieces of coal in blue clay, 
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Hore for coal. 
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Wat<>r in q'ksand. h;ravo1. 
Water in quick.sanu. 
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Struck {Travel below the 
In gravel. [blue clay. 

s*n)Hll bed of gravel in blue 
In frravol. Lclay. 

In j^ravel below blue clay, 
titruek black clay, no 

sticks nor prlt. [clay. 
In very fine blue sandy 
"Yellow clay*' all the way. 
Yel.A ]»lue rly.lhen travel 
CirHvel and sand, water in 

' r<|uieksand. 

Water in trravel. [on rock. 
,Urav'|y cry. line sandy cly 
■ Water In };reen sand. 

Gravel and sand, then q'k- 

[sand. 
In Kravel. 

Drift dsi V. water In gravel 
"Tastes like kerosene." 
Clay only. 

''Lump of foal at27 feet. 



I wells at Albert Lea a muck is struck, and such 
rd a water that is unfit for use. This muck is 
:o contain sticks, and is about 38 or 40 feet below 
je. It may indicate a former bed of the river, or 
acial marsh, as Mr. James Geikie has explained iu 
(See **The Great Ico-Age.") It is by some 
ir/e, and seems not to uniformly hold sticks and 
it to be rather a tine sand of a dark color. The 
jrs call it quicksand. This indicates that it is either 
!retaceous black clay, arenaceous, or Cretaceous di'- 
Wedge, of Albert Lea, thinks the site of the city 
covered by a lake, and that this slush was its sedi- 
L that the overlying gravel, which is about 38 feet 
\ since been thrown on to it by a later force, per- 
3urrents. There is no doubt that the overlying 
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gravel was thus deposited, those currents being derived from 
the ice of a retiring glacier. 

Wells at Geneva are generally not over 20 feet in depth 
They also pass th*-ough a gravel that overlies a quicksand. 
This village it situated with reference to Geneva lake as 
Albert Lea is with reference to Albert Lea lake, both being 
at the northern extremities of those lakes. The phenomena 
of wells at the two places arc noticeably similar, and in the 
same way different from the usual phenomena of wells 
throughout the county. 

At Albert Lea, 

(•rj«vel. alxmt :ifi fiu;t. 

Qulcksiind; with walor, sonu'tinies black ftiid mucky. 



At Geneva. 



fJravi'l. VZ t<»ir» foot. 
Quicksand, with wuter. 

It would seem that the history of the drift at Albert Lea 
was repeated at Geneva. These villages being both situated 
at the northern end of lake basins, are probably located 
W'horc preglacial hikes existed. On all sides, both about 
Albert Luaand Geneva, the usual drift clay, hard and blue, 
is met in wells, and has a thickness of about 100 feet. 

Ma teria I refioif. rces. 

In addition to the soil, Frooborn county has very little to 
depend on as a source of material prosperity. As already 
stated, there is not a single exposure of the bed-rock in the 
county. All building stone and quicklime have to be im- 
portiKl. The former comes by the Southern Minnesota R. 
R. from Lanesboro and Fountain, in Fillmore county, though 
it is very likely that the Shako])ee stone from Mankato will 
also soon be introduced. The latt(»r comes from Iowa, 
largely, (Mason City and Mitchell), and from the kilns at 
Mankato and Shakopee. Some building stone is also intro- 
du'-ed into the eastern part of the county from the Cretaceous 
quarries at Austin. 

Litue. — At Twin Lake three or four thousand bushels of lime 
have been burned by Mr. Carter from boulders picked up round 
the lake shores. This lime sold for 7.") cents per bushel. It 
was a very fine lime, and purely white. The construction 
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^ to his profits, as the Shakopee lime 

nd sold cheaper. The boulders 

'^f the same kind as those that 

Mity. They are fine, close- 

• oathered surfaces, and of a 

.t-actured surfaces. They very 

.alar or rougher texture, like a mag- 

uugh this grain is intermixed with the 

-xey hold but few fossils. There are a few 

yi shells, and by some effort a globular mass of 

.(^vositoid coral was obtained. 

jides the above, which are distuinguished as ** white 

istone,'' there are also a few bluish-greon limestone boul- 

t. One of these, which now lies near Twin Lake, is 

JLt 7 feet long, by 5 or 6 feet broad, its thickne.ss being at 

ti 2§ feet. It has been blasted into smaller pieces for 

::ing quicklime, but nearly all of it yet lies in its old bed, 

fragments being too large to be moved. This stone is 

► very close grained. It is heavier than the other and 

•e evidently crystalline. It holds small particles of pyr- 

It is not porous, nor apparently bedded. On its 

er surface it looks like a weathered diorite, and it would 

taken, at a glance, for a bouldor of that kind. It is said 

nake a very fine lime. Several hundred bushels of lime 

re formerly burned at Geneva. 

3rick. — At Albert Lea the following persons make brick : 
jreorge Broughton, Wm. Cook, (G. C. Dillingham.) Hub- 
11 Manly, (one and a half miles N of Albert Lea; has 
de nor: e in four years. ) Those all make what is known 
'•slop brick," i. e., they handle and dry them after mix- 
: in water, without the use of sand. The latter method 
th sand) is much quicker and pleasanter, but in the use 
th© brick there is not much choice between the methods. 
Boughton's the brick are red. The clay used, which is 
>ut five feet below the surface, is fine and of a yellowish 
ly color. It is underlain by gravel. The clay itself 
ally passes into a sand that looks like ** the bluff." At 
ler places it is a common, fine clay- loam, with a few gravel- 
nes. There is but little deleterious to the brick in the 
y, although some of the brick are, on fractured surfaces, 
oewhat spotted with poor mixing, and with masses of 
at appear like concretions. The clay itself is apparently 
iSsive, but it is really indistinctly bedded, rarely showing 
liorizontal or oblique, thin layer of yellow sand. Mr. 
lUghton sells brick at ten or twelve dollars per thousand. 
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His yard has only been running the past summer, but has 
turned out 200,000. They liave been used in Albert Lea, 
aud by the farmers around. Oak wood costs from five to six 
dollars per cord. 

The yard of Mr. Cook also furnishes red brick. He uses 
the same stratum of tine clay overlain by the same yellowish 
sandy clay or loam. The clay here shows to better advant- 
age and is ])lainly bedded. It contains sticks, the hirgest 
obsorv*Kl being a little over half an inch in diameter. These 
sticks are plainly endogenous in cellular structure, but have 
a bark. They arc not oxydizod so as to be brittle, but are 
flexible still, with small branches like rootlets hanging to 
them. It is uncertain whether they belong to the dexx)sit, 
or arc* thf* roots of vegc^tation that crrew on the surface since 
th(* drift. There are no boulders of any size in the drift 
just hen»; but a few granitoid gravel-stones. The aspect 
generally indicates that this clay has a local character largel^r, 
but no outcropping beds can be found in the neighborhood. 
Mr. Cook has made this year (1874) L\'^0,000 brick. The 
yard has boon running live years. Brick here .sell for $1.30 
per hundred as they como from the kiln, or ^lO.-.") per 
thousand. Hard brick from the arch sell at>^l.50per hun- 
dred. The brick hen* soom to show a little more lime, but 
thev art,' well made and w<»ll burned. 

Brick were formerly maih' at (leneva, and at a point about 
2\ miles eaf.t of that place. At (ienova the clay was taken 
from the bank of Alien crook, about H inches below the 
surface. Jt was a drift clay, with small pebbles. That 
used -J milos oast of (jloneva was of the same kind. In 
both places sand had to bo mixed with the clay. About 
Geneva sand is abundant, taken from the gravel and sand 
knolls, and from the batiks of tlio creek. 

7'"^//. — Jn Frooborn county then* is an abundance of peat. 
Th(i most of thp niarslies. of which some are largo, are peat- 
boaring. In this respect tlio <!ounty ditTc^rs very remarka- 
bly from those in tho westorn ]>ortion of the same tier of 
counties which wim'o s])(»cially examined for peat, in the sea- 
son of HTIl, and which, being (Mitirely destitute of native 
tnM'S, an* most in uvoaI of pi^at fordomostic fuel. 

Tho poat of tho county is goneraily formed entirely of 
herbacoous plants, though th(» niarsluvs are often in the midst 
of oak-oponings. The pc^at-moss constitutes by far the 
larger portion. There is no observed dilTon^nco in peat -pro- 
ducing (iualiti«3S botwo(Mi tho marshos of the prairie districts 
and those of the niori» rolling woodland tracts of the country. 
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At Alden village, in the midst of the open prairie, the 
peat of a large marsh rose to the surface and floated, when, 
For certain purposes, the marsh was flooded. The w^ater 
aow stands ten feet deep below the floating peat, which is 
ibout three feet thick. 

At Freeborn peat is now being taken out on John Scovill's 
land. Here it is eight feet thick, two rods from the edge, 
amd it is probably much thicker toward the center of the 
marsh. That below the surface of the water now standing 
in the drain is too pulpy to shovel out; and after being 
dipped out and dried on boards, it is cut into blocks and 
hauled to town. That above the water is more fibrous, and 
can be taken out with a spado in convenient blocks. Yet 
the level of the water varies, and that datum is not constant. 
It appears as if there was here a stratum of more fibrous 
)eat that separates from the lower, about 20 inches thick, 
^nd floats above it at certain times. In the peat at this place 
, sound elk horn was taken out at the depth of 6 feet 

There is a large peat marsh in sec. 11, Hay ward, owned 
ly non-residents. 
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KEPORT ON THE GEOLOGY 0] 

MOWER COUNTY. 



Situation and area. 



This county borders on the state of Iowa. It is boundc 
west by Freeborn county, north by Dodge and Olmste 
and east by Pillmoro. It has Mitchell county on the scut! 
in Iowa. Its shape is very nearly that of a rectangle, i 
towns east and west, and 4 towns north and south), but 
lacks the northern line of sections in the northeast, aero 
two towns. These sections were set off to Olmsted coun 
when Austin was made the county seat. It has, therefor 
about 708 square miles, or more exactly, 455,204.81 acre 
according to the records of the State land office. 

Natural drainage. 

The Cedar river crosses this county from north to sou 
through the western line of towns, its point of exit bei 
exactly south from its point of entrance. Its chief tribifl 
ries from the east are Dobbin's creek, Rose creek, Ob 
creek and Robert's creek. Prom the west it receives ■ 
chard creek and Turtle creek. Thus the whole of - 
western half of the county is drained into the Mississip 
through Iowa. The southeastern portion, also, is draii 
toward the south, through the sources of the Little Cedi 
the Wapsipinicon and the Upper Iowa rivers. The not 
eastern portion of the county is drained by the head wa^ 
of the Root river toward the north and east. This ri. 
flows eastward through Fillmore and Houston counties, 5. 
the Mississippi near La Crosse. The divide between stree 
running north and those running south crosses Ma^ 
county from SE. to NW. nearly through the center, 










r 
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includes some of the highest land in that portion of the state. 
The highest point in the county, on the Southern Minne- 
sota R. R, is in sec. 13, T. 103, R. 16 W., and that is 
738 feet above Mississippi at Grand Crossing, or 1352 feet 
-above tide water. 

These streams are all small, and some of them become 
nearly dry during the summer. Some of them furnish 
-water power at a number of places. This has been im- 
proved on the Upper Iowa at Le Roy, and on the Cedar at 
Ramsey, Austin, and at several i)Laces below Austin, in the 
construction of flouring mills. 

Sk /'face fea t u res. 

The county is distinctively one of prairie, yet has a con- 
siderable timber along the streams. This is particularly the 
case along the Upper Iowa in the southeastern part of the 
county, along the eastern tributaries of the Root in Prank- 
ford, and along the Cedar crossing the whole width of the 
county. There is is also an important tract of timber in 
Nevada township. The higliest portions of the county are 
entirely destitute of trees. They consist of a wide expanse 
of undulating prairie. The southern towns of Lyle, Nevada 
and Adams may be characterized as flat. The same is true 
of the most of the supposed Cretaceous area. The summit of 
the principal NE. and SK. watershed is formed by the Lower 
Devonian, with the strike of which it substantially cor- 
responds. Toward the east from this summit the valleys 
of the streams running in that direction have been deeply 
cut out, yet not rc^vealing any rock. They are wide, and 
their natural scenery is often very fine, as the view of the 
low expanse, wooded more or less, first appears before the 
traveler. The western portion of the county is considera 
3ly below the central and eastern. This is owing to the 
valley of the Cedar, the effect of which is felt over a wide 
Delt, in depressing the general level. The following points 
3f elevation above the ocean are derived from the profile of 
^he Southern Minnesota R. R. by O. D. Brown, engineer: 

3rand Moadnw, (sec. 14, T. 103, R. 15) 132."> feet. 

•=^80. 13, T. 10.3, K. 1« 1402 feet. 

Elauisey, (grade of the Milwaukee ,& St. Paul R. K.) 1233 feet.* 

Hay ward 1240 feet. 

*Iu the reptirt ft)r lAT'* this crossing; ist^lvon at. 503 feet abovt^ the Mississippi rlvur 
nt La Croflse. the (lutuin lino (if the S M. \i. K. on the authority of clilef engineer 
11. W. HoUey. Adding' i)l4 foot maki*s \2U^ feet for its hlKht above the ocean. 
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The following were derived from the Milwauke & St. 
Paul R. R., through Angst, chief engineer: 

Madison 1127 feet. 

Ramsey 1093 feet. 

Lylo 1075 feet. 

The following minutes, touching the surface features, are 
based on an examination of the township plats of the gov- 
ernment surveys, on record in the land office. The county 
was surveyed in lHr)o. There is not a lake of any impor- 
tance in the county, and but few marshes. 

Le Ilofj. (101,14)— East half. 

The Upper Iowa river crosses diagonally the southern 
portion of this town, and introduces a belt of undulating 
and more or less timbered land, about two miles in width. 
Some of the thickets are very dense, but generally the tim- 
ber is scattering. The remainder of the town is prairie, 
with a large slough covering ]H)rtions of sees. 5 and 8. 
There is a "second bottoms" noted in sec. 18, and John 
Priest's house in sec. 3(). Magnetic variation 9" 12' to lO'^. 

nnini)Hjff»H. (102.14.) 

In the center of this town is one of the sources of the 
Root river, a Y-sluipod slough, with an outlet toward the 
east. The whole town is prairie. Mag. var. 8' 15' to 12' 
30', the former in S(»c. 6, the latter in sec. 3. 

Fravh'fon/. (lO^.M.) 

This town is about equally divided between prairie and 
openings, tlie former being the S\V. portion and the latter 
the NE. portion. The timber is generally small, and 
often scattering. Then* is a marsh in sec. 0. and settle- 
ment was begun in XE. cornier of sec. 1. Mr. L. Patchin, 
of Frankford, was one of Xho first settlers. Mag. var. 7*^ 
(in sec. 7) to 12 15' (in sec. cl<3.) 

lUirinr. (104,14.) 

V 

There is a belt of openings, and undulating land along 
the southern line of this town, caused bv the tributaries of 
the Root river, and other an^asof sparse timber and brush in 
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cs. 10, 8 and 7, but the greater portion is of prairie. It 
ntains but little marsh. Var. 6'^' 57' to 11° 15'. Mr. J. 
oQuillan was the earliest settler in Racine. The same 
lar Mr. L. Patching settled at Prankford and laid out the 
llage. 

Le Tioih (101,15)— West half. 

This town consists almost entirely of prairie. The Up- 
T Iowa river in the eastern portion introduces some diver- 
iy of surface, and some timber. There is also a small area 
similar land in the NW. corner of the town. The head- 
iters of the Wapsipinicon are in sec. 32, and drain a long, 
irrow marsh, that extends two miles further north. The 
ost of this town is prairie land. Mag. var. 8° 34' to 9° 






Clayton. (102,1.") ) 

This is a high prairie town, the drainage from it being to 
e SW. SK, and NE. Mag. var. 7^ 39' to 9' 7 '. 

Graml Meadow, (103.15.) 

This township is all prairie. There is a slough with some 
sinding water in sees. 17 and 20. Several of the high 
ibutaries of Root river drain the easlt^rn portion, introduc- 
g but little diversity of surface. Mag. var. 7° 35. to 8*^ 



Pleamnt VaUey, (104,15.) 

Except very small areas in the NE. and NW. corners of 
LS town, it is entirely taken up with excellent prairie land, 
lose exceptions are small tracts of undulating and brushy, 
sparsely timbered land, along the tributaries of the 
rth fork of Root river. Var. 7^^ 50' to 8« 55'. 

Adamn. (101,11.).) 

Through the central and northeastern portions of this town 
n the headwaters of one of the tributaries of the Cedar 
irer, causing a belt of diversified country, widening to the 
irth, and spreading into the northeastern ])art of the town. 
1 the east and west of this belt is prairie land. Mag. var. 
43' to 10° 5'. 
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In the northwestern portion of this town Rose creek in- 
troduces the usual variety of surface attending drainage val 
leys. Other areas of the same are in sees. 34 and 36. The 
rest is prairie. Mag. var. 7^^' 53' to 9'' 18'. 

Dexter, (103,10.) 

The southern part of this town is diversified by Rose 
creek, otherwise it is a prairie with drainage to N. and 
W. Var. 7-' 25' to 8- 30'. 

Sarf/nif. (104,16.) 

This is of prairie, except in the eastern portion, where the 
valley of one of the upper tributaries of Root river causes an 
undulating belt with some timber. This belt runs NE., 
and is about a mile wide. Var. 7*^' 47' to 8' 55'. 

Ncrada. (101.17.) 

This town is mainly prairie, perhaps one- fifth of the whole 
area, situated in the southwoastern quarter being oj^enings 
and more undulating. Var. 7 3:J' to 9' 45'. 

Whiidnn. (101M7.) 

The southern and central portions of this town are prairie 
— a wide strip along the west side, and a narrow one along 
the eastern, being more wooded. Rose creek crosses it 
from NE. to 8W. It ccmtains no lakes nor marshes. Var. 
7^ 24' to lO-* 6'. 

lied rode. (10^5,17.) 

The eastern half of this town is prairie, the western half 
openings, with small timber and brush. Mag. var. 7"" 9' to 
B"" 50'. 

WdltJaun, (104,17.) 

This town is mainly prairie, the only exception being 
about the streams in the SW. ([uarter. Mag. var. 7' 35' to 
8" 35'. 
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Lyle. (101,18.) 

This township, being crossed by the Cedar, enjoys all the 
variety of soil and surface, as well as the timber which 
aniformly accompany the principal drainage courses. A 
Delt of timber along the east side of the Cedar crosses the 
:enter of the town from north to south about a mile in 
B^idth. The prairie on the west side runs to the very I'iver. 
A. wet meadow, or slough, occurs in sections 8 and 17, and 
mother in sec. 2. Mag. var. 6° 57^ to 9 "^ 54'. 

AuHtin. (102,18.) 

The western half of this town is prairie reaching up to 
the river. The eastern half is more wooded and broken. 
There is also a patch of prairie in the SE. corner south of 
Rose creek. Dobbin and Nichols were early settlers in the 
SE. corner. According to Mr. Patchin, of Prankford, 
Leveridge, was the earliest settler at Austin. Mag. var. 
6' 57/ to 9^ 42'. 

Lansirtf/. (103,18.) 

There is a small area of prairie in the northern part of this 
own, but the most of it \?hen surveyed was taken up with 
penings with scattered trees and brush. In the SW. quar- 
ar of the town is a long marsh drained into the Cedar. 
t is about three miles in length and a quarter of a mile wide 
unning SE. Mag. var. 7' 9' to 8° 40'. 

UdofpJio. (104,18.) 

A belt of undulating, and more or less timbered, land 
crosses this town from N. to S. accompanying the east shore 
>f the Cedar river. It is about two miles in width, increas- 
ng to four miles in the north. A small area of similar land 
s found covering portions of sections 30, 31 and 32. An 
mportant marsh also occurs in sections 27 and 34. Var. T^ 
15' to 9° 26'. 

Soil and timber. 

The soil of Mower county is everywhere dependent on the 
nature of the drift. The underlying rock has only affected 
Lt so far as it may have mingled with the general mass. It 
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is hence primarily a gravelly clay, tliat being the charactecr 
of the subsoil throughout the county. This gravelly clay 
however, is not now prominently displayed as the immediatt^. 
soil of the surface. Indeed the farmer in plowing rarely 
penetrates to it. It lies below a rich loam usually, at dept' 
varying from zero to two or three feet, or even more. ~ 
surface itself, which has resulted from it through the agen 
of the forces of the atmosphere and of vegetation, is of 
dark color, and in general may be designated a clayey loa 
or a sandy loam, depending on the nature and complete 
of the local drainage. In low grounds this loam is thi 
and of a dark color. It is also apt to be more clayey in 1 
ground than it is on the hillsides or slopes adjoining; and 
high hills or stee]) slopes it is thin or wanting, the wash 
the surface having carried it into the valleys. Along strea 

it often consists of an arenaceous loam, variously mingL 

with the detritus of the Hood plain. 

The soil of the county is everywhere cliaracterized by 
strength and fertility that the drift soils of the northwest 
noted for. They are the most reliable soils for all the p 
poses of the farmer that are known. The states that 
regularly and deeply buried in drift deposits are knowi^ 
the best farming states of the Union. Certain rock-so i 
endowed with unusual special qualities, may excel in 
production of certain crops, especially in favorable seaso 
but for general tillage they cannot compete with the h 
geneous drift soils, through which are disseminated the g- 
qualities of the various rocks concerned in their i)roducti 
in the proportion that make stability and diversity equ 
certain. 

In the examination of the county the native varieties 
trees and shrubs worc^ noted, and the following list e 
prises the species that were seen. In respect to the treos- 
is probably' nearly complete for the county, but there 
doubtless, other species of shrubs: 






TrvL'fi (nal fihrubs of Mrnrer county. 



liumuik. t^iHTcu'^ inarcrocarjiji J//<7/.r. 

Vwxl oak. '^)u('rcus rubra L. (Not fully identified.) 

Aspen. Populus treniuloides Micfix. 

American elm. Ulmus americana (/*/. Chtyt.) Wild, 

DiiTenint species of willow. Salix. 

Hazelnut. Cor.vlus americana Walt. 

Sumac. Khus jjlabra L. 

Ironwoofl. Ostrya virgin ica Wild. 

Bass. Tilia ann-ricana L. 
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Elder. Sambucus canarlensis L, 
Wolfberry. Symphurioarpus occidental is R. Br, 
Prickly gooseberry. Kibes cynosbati L, 
Cornel. Cornus (sp. ?). 
Anieriran crab. Pyrus coronaria L. 
JRed osier dogwood. Cornus stolon if era Michx, 
^ld*r. Alnus incana IVilhL 
Cottonwood. Populus nionilifcra Ait. 
Thornapple. Crataegus cf)ccinea. 
"Wild plum. Prunus aniericana ^far8h, 
Black cherry. Prunus scroti na Ekr, 
Frost grape. Vitis cordifolia Mkhx. 
"Bittersweet. Celastrus scandens L. 
Hlack currant. Kibes floriduui L. 
Wild rose. Rosa blanda Ait 
Cockspur thorn. Crataegus cms-gall i L. 
White ash. Fraximus aniericana L, 
SlKig-bark hickory. Carya alba Nuft. 

[At Lansing, and in the valley of the Cedar, one foot in diameter.] 
Sugar maple. Acer saccharinum Wawj. 
Bitternut. Carya amara yntt. 
Butternut. Juglans cinerea L, 
While p'ne. Pmus strobus L, 

[Along the rocky banks of the streams in the eastern part of the 
coun'y.J 
SlipiHjry elm. Ulmus fulva Michx, 
Black ash. Fraxinus sambucifoiia Lim. 
High bush cranberry. Viburnum opulus L, 
High blackberry. Kubus villosus Ait. 
Cedar. Juniper us virginiani L. 

The (jt'ologiral structure. 

^)t the older rocks the lower portion of the Devonian and 
^ upper portion of tlie Silurian are found within the 
fc unty dipping towards the southwest. The west^^rn por- 
Oa of the county is known to be iraraediately underlain by 
^e lower Cretaceous, without ascertainable eastern limits. 
lie accompanying geological map of the county exhibits 
IB areas of these formations as nearly as can be judged by 
le data known. The rock is nearly every where hid by 
ae drift and for that rea.son the actual positions of the bound- 
ries are unknown. It is quite possible, indeed probable, 
lat the Cretaceous area extends further east, with a broken 
nd very tortuous eastern boundary. It occurs in counties 
irther east. In regard to the separation between the lime- 
bones of the lower Devonian and the Upper Silurian, none 
as yet been discoven^d. It is simply known that avast 
.mestone formation, the upper part of which lies under Free- 
dom county next on the west, extends also under Mower, 
»nd appears conspicuously along the banks of the streams 
XI the eastern portion. No characteristic fossils have yet 
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been seen in it in Mower county, but those that characterize 
the Hamilton were seen in it near Northwood in Iowa. The 
limestone seen at Le Roy is lithologically different from 
that which occurs at Prankford and resembles the Hamilton 
seen at Northwood. While lithological distinctions are not 
reliable always, esi)ecially after long intervals, yet at pres- 
ent this is the only reason known, so far as Mower county 
is concerned for separating that at Prankford from that at 
Le Roy. In Ohio and Illinois there is an arenaceous forma- 
tion (the Oriskany) between the Devonian limestones and 
the Silurian, and it distinctly marks that horizon. While 
in the lower Devonian some arenaceous layers have been 
observed in Iowa, the Oriskany has not been identified 
there, and probably it cannot be depended on in Minnesota 
to mark the separation between the Upper Silurian and the 
Devonian. In the absence of good exposures of these lime- 
stones in the county, it is only possible to lay down approx- 
imately the boundary line between them, and that is all that 
has been attem])ted on the accompanying map. 

The Cretacrova, 

The principal exposures of the Cretaceous are found in the 
valley of the Cedar, at Austin, and from there to the state 
line. The quarry of Simon Anderson, at Austin, is in the 
left bank of the Cedar, and exi)()sos about "10 feet of the 
bedding. Much of the stone is broken and disturbed, and 
lies in fine clay which scH'ms to have been jammed into all 
the cracks and other openings in the rock. The beds here 
show^ sudden, broken-down ])laces, in which this clay is 
deposited instead, tlio rock being wanting for tliree or four 
feet horizontally. The stone is much more entire, and uni- 
form in all its characters at greater depths, some slabs five 
and six feet long, by three feet wide, and three or four 
inches thick being taken out. These have a very even, 
fine grain, and a handsome blue color. This stone is in its 
natural color, light blue, and that color shows on most of 
the quarried blocks about tli(» heart of the bedding; and on 
deep quarrying it would doubtless show only a blue color. 
Yet the stone seen about the city is very generally of a buff 
color, to the depth of half an inch to three inches, depending 
on the amount of weathering and oxydation. The thinner 
beds are altogether changed to tiiat color. The presence of 
occasional concretionary iron and mud balls causes a rusty 
stain of a yellow color over the surface of many of the slabs. 
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hese concretiouary balls fall out, or dissolve out, when in the 
ater, and leave cavities whicli become larger still. Besides 
ese, which are not common in the compact portion of the 
one, but are of tenest seen among its thin beds, there are 
30 cavities disclosed by the fracture of the homogeneous 
ick beds. These are sometimes perfectly empty, but often 
ntain loose, friable matter, easily picked out, but not 
ffering in color or grain from the mass of the rock. At 
aer times such cavities, revealed on the fracture of the 
>ne are lined with a perfect coating of drusy crystals which 
B white, and as hard as quartz, though sometimes covered 
til iron-rust, so as to pi'eseut a red or black exterior. The 
tture of the stone itself is usually close, and the grain is 
mogeneous. Some large shibs and blocks are sawn for 
ses to tombstones, and worked down to a very smooth 
rface. It is more safely sawn to any desired dimension 
at cut or broken, since it fractures treacherously; yet it 
not in the least crystalline. Its aspect at a distance is 
at of a fine-grained sandstone; yet it contains no apparent 
it. It is so soft that it can bo cut without difficulty, ap- 
jaring much like an unusually indurated blue shale, but it 
irdens in use and becomes a very enduring and useful ma- 
rial for building. It contains, but very sparingly, a few 
oUuscous fossils, too much absorbed to be identified, though 
le has the general form of a (Hrypftara. This description 
: the stone applies equally well for the stone taken out at 
:her quarries further down tlio valley, as mentioned below. 
In the vicinity of Mr. Alderson's quarry, perhaps fifty 
)ds distant, and about 14 feet higher, this stone was struck 
I making an excavation for the erecticm of a brewery. It 
ere rose within two or three feet of the surface. The beds 
ere thin, broken, and of a bulT color. Enough stone was 
ere obtained, in the (excavation of a small vault, for the ma- 
3nry appertaining to the brewery. The rock was here 
verlain by the following section of clays. 

0. 1 . Black sandy lf>ani and soil 2 to 4 feet. 

0. 2. Band of red and varie^'ated crmipact clay 6 in. to 4 feet. 

o. 3. Yellow ocherous band r»f clay (3 i n. to 4 feet. 

The superposition of these bands of clay is not so regular 
5 indicated by the foregoing section : occasionally No. 3 is 
rokcn through or is wanting, and No. 2 lies on the rock, or 
aisses down into its crevices. Yet No. 3 is generally the 
pst over the rock. They vary in thictkness and swell out 
I shapeless masses of hard clay. Such hai*d masses are 
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seen sometimes to embrace bits of angular earthy rock, 
much like ochre, varying in color from a dark, burnt umber 
color to a lighter shade, oven to buff, and appearing, when 
of a lighter color, much like the mass of No. 3. They can be 
scratcJied easily with a knife, and however black they may 
be they give a red hematite streak. When they are faded 
the streak also fades into a brown or yellowish brown like 
limonite. Intermingled very irregularly with No. 2 and 
sometimes also with No. 3 are masses of greenish clay which 
has in every other respect the same outward characters as 
No. 2. There are here also large crystalline, detached 
masses of apparently a silicious limestone which is very 
hard and close-grained. In some cases, however, this 
varies to a porus and nearly white limestone that appears 
to be very pure.* 

At Austin angiospermous leaves were obtained from this 
stone in the digging of a well by Mr. L. G. Basford. After 
passing through soil and loam three or four feet, and clay 
about 20 feet, the rock was struck and penetrated by remov- 
ing the ui>i)er layers, a thickness of about eight feet. Two 
species of fossil leaves were found in the layers thus entered. 
One appears like Firus jirlm&rdialis Hr., as figured in 
*'Les phyJlUt'H Crcfacfes (In Nehraska par M. M, Ics prof, 
J, Capellni et 0. Hovr,'^ and the other is, according to Dr. 
J. S. Newberry, to whom a ])hotographic copy was submitted, 
probably a species of Sef/uoia, a gymnosperm of the pine 
family known as "redwood." 

At the mill of J. Gregson, about two miles below Austin, 
a great deal of stone has formerly been taken out, but now 
the quarries of that neighborhood are nearly all flooded by the 
water of the dam. The chief quarry was just above the 
present site of the mill and near the dam on the left side, 
though just below the dam the rock shows on both sides and 
has also been wrought. At this point Rosenberry and 
Miner have a quarry on the right bank, and a perpendicu- 
lar bluff of the beds occurs near the roadside, below the 
mill on the left bank. The exposed section at Rosenberry 
and Miner's is as follows, in descending order: 



*In coniifctton with this (loscrlptlnn of Ihiu'stimo niasp«."<. It Is Iiitcrestlnf? to note 
the (X'CurrtMico sit St. rhurlos, Winona county, of iiard >ilirfOus limestone masses 
on tho su rf :u'o of tln^ gnuind, HpjMjarin^r vury niiicli like tliost» (.'mbruoed in tbl.s 
ela\'. 

Tlie reail»'r Is also referrrd to tin- fiVo/Mj/iVrf/ n iunt nn the, f.riilnnitifni nf the Black 
hills uiuhr <ini. (i. A. i'ustt.r. /s;j, for furtluT inforiiiation on the distribution of 
foreign limestone »nass»'s in l)akot:i. 
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No 1. Black loamy soil 7 to 8 fi;et 

No. 2, L(K)se fragments of tho. underlying: UimIs and clay 

mixed 3 foot 

No. 3. Heavy stone liki* that di'scribod at Austin, clay till- 

iDK the opim pianos and joints ". 10 to 12 foet 

No. 4. llusty bituminous lllnis i to 1 inch 

fOn the authority of tho o^vn^»^^()f thisciuarry to 
this section may ho addod tho follow! nvf.] 
N(». 5. Limestono, filled with shells, blue, c(>nlains Hint, 

makes lime, penetrated 2 feet 



The bedding of No. i\ is here broken in a manner similar 
to that of Aldcrson's quarry at Austin. The corners and 
angles of the beds are replaced by clay and the color of the 
stone is changed from blue to buff or drab, to the depth of 
about two inches. 

Some years ago the rock was worked by Dr. learns, of 
Austin, about half a mile above Ciregson's mill. This quarry 
is now almost entirely Hooded by tho dain. Th(» abutments 
of the upper bridge, at Austin, came from this (juarry. in 
part. Judge Ormanzo Allen owned a quarry still above 
Barns' that was also considerably Hooded by the samc^ means. 
The quarry most worked was just abovfj the mill, owned by 
M. J. Woodson. It is now entirely under water. Stone is 
still taken out, however, all along, both above and bolow 
Gregson's. The beds at (rregson's show vtn-y nearly iho 
same characters as at Austin. Tluj descent of the stream is 
over about fourteen feet of rock, the layers of which an* 
sometimes two feet or more in lhi('kess, or massive, mucli 
like an indurated shale. In weathering, these thick beds 
are checked by planes running mainly horizontal, instead of 
perpendicular or diagonal. Although nuiinly horizontal 
these planes are apt to unite after a few foot, si)litting up 
the heaviest beds into wedging, lenticular mas.s(»s. Some 
parts are here plainly calcuireous, all'ording tracers of fossil 
remains that have the appearance? of Bracliiopoda. These 
portions are porous as if by the absorption of fossils. 

Mr. M. J. Woodson now works a ([uarry abcmt .| mile 
above Gregson's mill, scmie distanccj from the river, puni])- 
ing by windmill ihn water out of a slough in which the 
beds are exi)osed. A small cretjk passes through here, and 
this slough seems to be an expansion of thi'. vall(\y. retarding 
the w^ater. The rock is here entirely below the water, and 
is nearly all blue, and in that respc^ct appears well. 

At the mouth of K()s<» cr(?ek about the same thickness of 
the same kind of ston(» can be s(»en in the bed and banks of 
the creek. A fine (exposure is owned by J. U. Wooodard in 
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the right bank of Rose creek near the crossing of the road 
from Austin to Officer's mill, i^erhajKs a mile above its union 
with the Cedar. It is again soon above Officer's on the land 
of Col. Lewis, on the east bank 

At W. H. Officer s mill, the left bank of the river shows 
about 20 feet of bedding. This is one mile below Rose 
creek. South of this mill rock of the same kind is seen at 
a number of places before reaching the state line. At two 
miles below Officer's it is quarried on R. B. Foster's land; 
and on Mrs. John Niles', three-fourths of a mile below Pos- 
ter's, on the west side of the river. Just below the state 
line is Alderson's mill, whore it is again exposed. At offi- 
cer's, tlio water power is 8 foot. It is 13 feet at Gregson's 
and 10 feet at Austin. Botwoen Austin and Lyle the country 
is apparently a perfectly level prairie, and is doubtless 
closely underlain with the same rock as at Austin. 

Two miles east of Officer's mill a farmer struck the same 
rock in two separate wells on his farm, in one at the depth 
of three feet and in the other at eleven. 

Dobbin's crook, which joins the Codar at Austin from the 
NE., furnishes a water-power of 14 foot by dam, where a 
mill is erected. A quarry in the left bank of this creek 
shows the same rock as already described at Austin in the 
Codar. The blulfs of the cn*ok just below the mill are about 
»30 foot, and show about -0 foot of rock. The beds are in 
every place greatly broken, and in s(mie cases displaced. 
The rock is parted into blocks of varying size, according to 
the thickness of the layers, iho u])pormost being finest. 
Throughout, the partings, and all tho interstices are closely 
filled with a greenish clay, making tho whole a close and 
almost impervious mass. It has v(?ry much the aspect of 
tho Cretaceous on th(i Silurian, as described at Mankato, 
(see the second annual report) except that the small cracks 
and openings are hero all densely filled with the clay. The 
clay also very I'aroly has any distinct bedding, but seems 
rather to have boon jammed in to fill the vacancies. Besides 
the greenish clay which often varies in color to a red or a 
buff, there is also considerable white, clean sand, lodged in 
these cavities in the rock. This pertains to no particular 
horizon, and shows no definite arrangement. It is disposed 
everywhere, just like tho clay, occurring from the top to the 
bottom of the blutr— though perhaps morc^ abundant near 
the bottom. 

These two deposits -the clay and the white sand — are 
doubtless the result of di»structiv(» forces upon other portions 
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of the Cretaceous. There is prosuniptive evidence, in their 
being here irregularly mingled with a serios of beds that lie 
nearly hi situ, that they arc* derived from some ovirliiinfj 
members of the Cretaceous. That ovidonee would be more 
reliable if the general dij) of the Cri^laceous were toward 
the north or northwest, thus throwing the beds of the 
quarry deeper below the surface in those directions and 
rendering them less suscei)tibl(? of such disru])tion as w^ould 
expose the underlying members 1o the glacial forc(.»s. That 
is naturally the first inferi^nce on beholding the face of th<» 
bluff. On the ccmtrary lh(» actual di]) of the ('retac(»ous, if 
it have any at all, would be in general toward thti south or 
southwest at this place, and thi* lower members are thus 
brought nearer the surface and within the transporting 
agency of the glacial forces at ])oints toward tlu» north 
Thus this clay and sand may have Ijeen bn/Ughl, by the 
action of ice, in the glacial e))Och, from the* north or north- 
west and deposited on th(? top of an overlying nxtk, in the 
same manner as granitic boulders are brouglit from a granitic 
region toward the north and are s])r<.^ad by th(^ agency of 
ice. over the Silurian or Devcmian. or ev(»n over the Creta- 
ceous, that overlie, by hundreds of tVet, the* granitic b(Kls 
from which thev an» derived. This clav and sand, however, 
are .so fragile that they would soon los(» lh<»ir identity in 
being carried by \\\v mixing powiM* of a ghicier, and cannot 
have been far transport(»(L IndiMnl th(^ area over which the 
beds of the rock with which tiiey an* njingled are known to 
ext<3nd unbroicen, without p(?rc(»ptible dip in any dinM'tion. 
is quite as great as they could b(? carric.Ml by glacial action 
and deposited in distinct and characteristic homogem.'ity. 
There is hence a strong probability that the rock from which 
they are derived occupies a high<*r geological horizon than 
that among the broken beds in which they appear. This 
white sand must Vm? tlu.» samr» as that simmi on the Blu<» Karth 
and its tributari<.»s, and on the Waraju in Brown county (see 
the second annual ri»pt)rt, ])agcs VX\ and Hf)). It there 
lies on the Low(?r Siluj'ian unconformably. TJer<? it seems 
to be und(»rlain by an older memlu'r of the C'retaceous the* 
Austin rock. This indicates the earlii^r submerg(»nc<i of this 
portion of the state IxMieath tin' ocean of the (-retacc^ous 
age, and the ap))roach of tin; CretacM'ous ocean from the east 
or southeast. As to tin* relative* ages of this dislodg<»d clay 
and white sand, tlir^rc* is no way of deiriding which is the 
older from any certain evidc^nces in .Mower county. But in 
Brown county th(?n^ is a bluish green clay that overlit»s th<» 
white sand. 
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This rock is also wrought on the right bank, just above 
the mill, showing here also the same features. 

At Sargent's spring, SW. } sec. 31, Red rock, there is 
apparently an exposure of this white sand below the level of 
the water of a little pool. This place is a local celebrity. 
Pure, soft water boils up over the area of about a square rod, 
and sometimes over double that area, and can be seen issu- 
ing from the ground, bringing with it clean, white sand. 
The bottom of tho pool presents a beatiful appearance. 
The water is as clear as crystal, and the boiling points which 
appear by reason of the rising white sand, in the midst of 
the darker sediment, can be minutely inspected at a depth 
of live or s'x feet. Running a stick into the agitated sand, 
it soon strikes a sandrock which is doubtless the source of 
the boiling sand, and the same bed that furnished that at 
the quarry in Dobbin's creek. 

On the SE. 1 .sec. 12, Windom. Mr. Thomas Smith has 
struck the Cretaceous in making explorations for coal. From 
Mr. Smith the following account of his etforts A'as obtained. 
His attention was tirst attracted bv a ''scum that stood on 
stagnant water" and by the 'mud brought up on horses 
feet" in crossing the creek bottoms. Having chosen a lo- 
cality along th(» bank of Koso creek which he judged suitably 
free from wattM*. he began to drift into the bank of the creek 
following a bed of vegetable material that had the ai^pear- 
ance of t)ld peat, but which contained some coarse pieces of 
fibrous wood. Th(» choice of this place* was altogether ac- 
cidental, the desire being to obtain a place free from water. 
There were no surface indications favoring coal at that point. 
He accidentally came upon the peat bed. At tirst the peat, 
of which Mr. Smith has preserved samples, and which con- 
sists entin^ly of ct)niminuted vegetable fibre, was only half 
an inch thickness. In the coarse of tlu* drift it gradually 
thickencul at 70 feet, to l^i inches in thickness. This drift 
was nearly level, inclining a little for the sake of drainage. 
On the top of this p»^at, pieces of wood which were judged 
to be of ])ine and cedar, of which al.^o Mr. Smith has pieces 
l)res(M-ViHl. wen* found in abundanci*. One large piece was 
two ftH't long and ten inches in dianii'ier, suppoised to be 
pine. This drift was about 7)0 feel below ihi* general sur- 
face and »j or 7 feet above low wattM* in Ko.si» creek. Above 
it was a blue clay with gravi'l stones. Below it was also a dark 
blue clay with gravel stones. This peat seems to have been 
in a genuini* ancienl peal laUe. tilled or partly tilled, on which 
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ated pieces of wood from the surrounding forest. The 
lole was buried again by glacial deposits fifty feet thick.* 
This drift having been abandoned at 80 feet, a shaft was 
nk twenty rods toward the SW. to the depth of 50 feet, 
meting the same peat. This shaft passed through fifteen 
0t of sand, ten or twelve feet of yellow clay, and about 23 
et of gravelly blue clay. Then east of the drift 40 rods a 
laftwas sunk on lower ground, but not on the bottoms, 
.ough somewhat within the general valley. The section 
5re was, as given by Mr. Smith: 



So. 1. Soil and gravol 5 foet 

No. 2. Gravelly blue clay 4 or 5 feet 

No. 3. Gravelly yellow clay 14 feet 

No. 4. Blue clay, not gravelly 9 feet 

No. 5. Brown, waxy clay, floe 6 Inche*? 

No. 6. Rock with water, (Mr. Smith says a specimen 

of **blue slate" came from this level) 3 feet 

No. 7. A soft rock which furnished tine drillings 

that were taken for coal 4 feet 



this drill, the first 22 feet of which wore a shaft, Mr. 
lith next came upon a very hard rock, and as all his work 
s done by hand he did not succeed in entering this stratum, 
r in getting a specimen. 

Vt this point Mr. Smith made efforts to get help from the 
anty commissioners but they declined. He next sank a 
3Ltt forty foet in depth, about twenty feet from the last, 
kiting about the same materials, excejDt that here there 
•s no **blue clay, not gravelly," and no **fine, waxy, brown 
*y." He struck the rock at the same depth. The bottom 
the "gravelly yellow clay" here was hard **like brick," 
cnented by deposits from the water which came in from 
low immediately after j^enetrating through it. This was 
dhaft throughout. Hero the work stopped. 
On visiting the last shaft wliich was all dug, the rock 
!:uck is seen in fragments lying about. It is a fine sand- 
3ne now rusty brown with iron, but which on being taken 
t was at first of a bluish gray color, like the deeply cut 
istin stone. This is somewhat coarser than that and more 
osely grained, but in every other respect appears to be the 
line rock. 

This peat WHS again stnirk in a nhaft. twonly rods furtlHT.SW. from Die drift. 
d wan there about a fiNit tiiit^lc, and alHxit tlio same depth l)elo\v the surface. It 
iS met in weUs two and a half or thrrt? milt's nortliwest. at thlrly-tive feet. 
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The most westerly outcrop of those Hmestones within the 
county, is that on Mr. Andrew Robertson's land, sec. 26, 
Windom. Tiie rock here seen is course and porous, but 
rather finn, and very slif^htly exposed. It occurs in the 
valley of a small tributary of Kose creek. 

The quarries at Le Roy are owned by Joseph Brevier, 
Judson A. Palmer. Stephen Drowne, and the heirs of L. 
Johnson. 

The c|uarry owned by the heirs of Johnson is about forty 
rods from the state line, in sec. ^5, Le Roy. It is in a 
lightly timb(»red tract of country, accompanying the upper 
Iowa river, and about ten rods south of the river. The 
beds rise to within a foot or two of the surface, on the angle 
of the river blulT. though the blulYs of the river are not con- 
spicuous, the doi)th of tin? valley being only about twelve or 
fifteen feet bek)w the gomjral level, and broad and basin- 
like. The for(»ign drift about is light, but some large bould- 
ers are scattered about. This stone is light colored (nearly 
white) hard and lin(\ exactly like the Devonian seen near 
Northwood, in Iowa, though in heavier b(»ds than that. It 
would make a Ixiautiful white? nuirble. It is uniform in 
grain and texlnro, and not in the* least porou.s. With the 
exc(»])ti(^n of one or two layers of an inch or two of green 
clay, till? b»»ds nn* all of this limestone, exposed twelve feet. 

At Palin(»r's (juarry the rock is overlain by six inches of 
.soil, though a hundred rods from the riv(M\ These beds are 
all badly weatln'red so far as opened, and of the same gen- 
eral character as at .Fohnson's. No drift. Expo.sed three 
feet. 

Mr. Palmer's other (luarry is in the river blulT, and easy 
of acc<*ss. Th(* stone is iho sanu? as that already described, 
and has bctMi burned urav th(» r^uarry for quicklime. It 
forms a blult*, exposing about twiMity i'»»et. 

Kn»vic»r\s (juarrii's, of which two are opened, are in the 
left bank of tin? Upp(U' Iowa river, and show about the same 
beds as s(Mm in the other (|iiarri(»s. 

Drowne's (iuarry is also in the bank of the river, but 
shows only about six fe(?t, though then* is every opportunity 
for opening tho beds to a greater dc])th. There is here a 
much more argillaceous and fissile IhmI than any seen in the 
other ([uarries. Jt is about eighteen inches thick. This 
layer, coming about midway in the quarried beds facilitates 
tin* working of the (|uarry, but is its(»lf of no value. In 
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tlae dc'bris thrown out, probably from this layer, a globular 
xxiass of Cwnosfroma was obtained, which, taken with the 
lithological resemblance of the rock to that containing 
Hamilton fossils at Northwood, in Iowa, near the Minnesota 
state line, satisfactorly establishes the Devonian age of the 
^whole of the rock at Le Roy. 

Section IG, Le Roy, Mrs. Alice Plumracr owns a newly 
opened quarry near the river. 

There is an exposure of the limestone in the valley of the 
"Upper Iowa, near the west line of the SE. J of NW. J of 
sec. 29. Le Roy. There is here a boiling spring coming 
out of the rock in the bed of the creek. The rock is also 
exposed just over the state line, in Iowa, on the Little Cedar, 
£ind more particularly at Staceyville, two miles south of the 
line. 

The Silurian, 

As already stated, the rock at Prankford is classed as 
Silurian on lithological evidence only. The quarries here, 
beginning with the highest up the creek (known as Dear 
creek) are owned in the following order: A, Bush has a 
quarry about four miles above Frankford; G. Fryer has a 
good quarry; K. W. Elder burns and sells lime at Frank- 
ford; L. Patchings quarry is situated in the brow of a small 
valley tributary to Deer creek, and consists of beds that 
are much shattered and weathered, so as to afford irregular 
and small pieces, considerably used for lime. Exposed 
about seven feet. These beds overlie or are very near the 
tops of the beds in the next — that of Mr. J. Hawkins. This 
is in the bluff of Door creek, and supplied the heavy stone 
placed in the abutments of the highway bridge at Frankford. 
The exposure here is about twenty feet The layers are 
three feet and more in thickness, and project over the water. 
This is a charjicteristic exposure. The rock is different from 
that at Le Roy. It is of about the same color, somewhat 
darker, vesicular and porous. It is firm, has abundant cal- 
ctite, and some chert. While it is plainly fossiliferous, no 
fossils demonstrating its age are obtainable. J. C. Easton 
Uilso owns a quarry at Frankford, back from the creek, on 
the open prairie. Other outcrops occur favorable for quar- 
rying. In the scarcity of fuel, but little lime is made at 
T'rankford. Much more is burnt at Spring Valley. 

A stone quarry is opened two miles northwest of Grand 
Meadow, on Bear creek, owned by Mr. Coin. Another is 2.V 
miles east of Coin's, owned by Mr. I. O. Huffdaw. 
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Thr 



drift. 



In Mower county no diminution of the drift was notk* 
consists of th€» usual hard-pan clay. This clay sho^-* 

arht color for tho tirsl 10 or IT) feet, and below that de{> jy^ 

is apt to bo blue. Ciravcilstones and boulders are disseu^^/. 
ated through it. Some of the boulders are very large a»-3(i 
onsist of granite. Sonic very large granite boulders occtjir 
i(*ar Rose creek viUage, lying on the surface, and some ax.—e 
lear Adams. Thei-e are soni<» also in the valley betwee??»n 
Adams and Le Hoy. Near Mr. Alderson*s quarry at Austin 
a granite boulder has been blasted and broken for buildi 
stone. It is at least H) fe(?t long by 12 feet wide. Its dep 
is unseen. Others were seen ecjually large in various par 
of th<* countv. 

The most interesting devc^lopment in re.spect to the dri 
in Mower county consists in tht» discovery of an ancient be 
of peat by Mr. Smith in AVindom. The reader is referre 
to the account of his operations for coal, already given, ft 
the particulars of this discovt'ry. This bed of peat seem 
to be of c(msid(?rabl(» extent, superficially. A simila 
deposit is struck in w<'lls at L(» Koy. Mr. J. D. Wilsey^^ 
on .sec!. »il, met it at -0 ftnU. Mr. Port?r, who dug his well^ 
describes tlu* deposit there as largely made up of distinc 
woody liber, among which he thought he recognized he 
lock bark. Several othc»r inslanc(.»s of striking thisburie-s 
vegetation are reported in thi» nt^ighborhood of Le Ro 
The clay overlying tli<» peat bod is described as a gravell 
vellow clay. 

In X\\i} state of Iowa an ancient peat has also been m 
with at a nunilxM- of places. Dr. White describes it 
Davenp(n't, at Iowa city, and in Adair county {Gfofof/if 
[own, IbTO. Vol. 1, p. IIU) and n^fers its origin there 
marshes that accompanied the valleys of the livers ner 
whicli the peats tx-cur. \vhen those rivers s])read wider, a 
flowed at higher lev(»ls. Hut in Mower county the pea 
deposit is not conlined to the valleys of streams, nor to tV 
proximity of streams. Mower county is on one of tl 
highest divides in th»? state of Minnesota, and from it fl 
the sources of streams toward the north, south, and eas 
Thos(» streams avo small and nc^ver could have flooded t 
extent of country in which this p(»at is found. The positi~ 
information now at hnnd in referenci* to this i)eat deposit 
Movv(»r county, does not warrant contident assertions as 
its origin. Frt)m all accounts it appi»ars to be embrac-^ 
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een glacial deposits of gravelly clay, and it seems to 
k. a period of interglacial conditions where coniferous 
» and peat mosses spread over the country. Peat mos- 
ire not necessarily restricted to low, wet places. If the 
^sphere be moist they will flourish on any surface, and 
irccumulation of good peat may take place on a bare. 
:y mountain -side. There are extensive marshes now ex- 
g in northern Minnesota, mainly covered with ericaceous 
ts, with some cedars and tamaracks, that are forming 
ense peat deposits. With an increase in the amount of 
»ture of the air such peaty accumulations would spread 
• much higher levels. A return of glacial conditions 
Id bury such marshes below the deposits that are known 
rift. 

( Le Roy Mr. Porter seems also to have discovered, just 
le border of the village, an old valley, now filled with 
i. His cistern was dug in the solid rock, which was met 
even feet. A well was bored fifteen feet distant toward 
river, to the depth or 32 feet, in sand, without meeting 
rock. Between this well and the river other wells have 
.ck the rock at several places, and usualy at about twelve 
. On the prairie throughout the county wells get water 
erally within thirty feet. 

Ma ferial renon rces» 

'ith the exception of the central hight prairie portion of 
ver county, it is tolorably well supplied with wood for 
mon fuel. On the prairies referred to wood is costly, 
t portion of the county is thinly settled with farmers. 
ig the valleys of the streams in the eastern and western 
:ions of the county, the first settlements took place, and 
lose valleys are found the most of the population at this 
5. The princii)al natural wealth of the county lies in its 
and its agricultural adaptations. The people are gen- 
ly farmers. The growth of the county in all respects 

be primarily dependent on, and co-ordinate with the set- 
lent of the farming lands, and their i^rofi table tillage. 
re is some water power in the county, as at Austin, and 
>w Austin to the county line, and at Le Roy and Ramsey, 

it is well improved in the erection of flouring mills. 
Ner county contains no peat, and cannot hope for coal. 
5 rocks that underlie the county cannot be depended on 
producing anything but building stone and quicklime, 
the former, some of the limestone would produce of good 
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marble, if properly handled. That is the case particularly 
at Le Roy. For making quick-lime there is amply oppor- 
tunity. The only difficulty will be a competition with other 
localities from which transport^ation is light, that posses 
cheaper fuel for calcination. Brick can bo made at almost 
any place in the county. Three miles northeast of Lansing 
Mr. John Just is engaged in brick-making. At Austin Mr. 
A. H. Alsip now manufactures brick. Formerly they were 
also made by Smith, Tuttlo and Tracy, and by Horace Webb. 
Mr. Alsip lays his own brick in the wall for S12.50 and 
fl3.00 per thousand, furnishing everything. He sells for 
«l!2 and §15 per thousand. He makes a sand-mold brick, 
free from limo. but rather soft. He burns the common 
surface, taking oil' about tlireo inches, so as to remove the 
grass-roots. During tlio year ho has made about 550.000, 
oak wood costing about -SG. 7)0 per cord. At Austin a light 
colored brick from Wytortown, Wisconsin, is somewhat 
used. Brick from Chaska, Carver county, are delivered on 
the cars for ss, costing >^13 at Austin. The lime used at 
Austin is mostly fj-om Mitchell, lovva. At Le Roy not 
many brick have been made. The Caswell house and the 
school house at that place are built of brick made at LeRoy. 
The quality of the Le Roy brick is as good as any seen at 
Austin. About thi'oe miles above Frankford the Shaw 
Brothers liave begun the nianui'aclure of a fine light-colored 
brick, though some an* also red. This yard is said to turn 
out some of the b(»st brick made in the county. To those 
interested in burning lime in the county tlie following state- 
ments obtained from Schuyler and Hulme. of Mitchell, 
Iowa, extensive limebui-ntM-s. will be of A'alue. They have 
one draw kiln, which is in constant operation, of Page's 
patent, from Rochest(»r. New York. It affords -00 bushels 
of quick-lime every iM hours. It i-e(iuires 4S hours to take 
a piece of the rock through the kiln. Every 1^4 hours four 
cords of wood are consumed, at a cost of four dollars per 
cord. One cord of stone is calculated to make 100 bushels 
of lime, at SO pounds per bushel, which sells at the kiln at 
35 cents per bushc^l, average ])rice. Coarse lime will fall 
six pound short by measure, but if the fine lime be put in 
it will hold out weight, previous to b(Mng air-slacked. Air- 
slacked lime averages about 55 ])ounds per pushel. To 
run this kiln requires seven men, including those who take 
out the stone, or tiv(> men and one team. 
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ADDRESS AND SUMMARY STATEMENT. 



jTo the President of tJie University: 

The accompaD3iDg report, the fourth since the beginning of the 
<7eological and Natural History Survey of the State, embraces fhll 
and detailed reports on the counties of Fillmore, Olmsted, Steele 
and Dodge. These counties lie nearly contiguous in the southeast- 
em portion of the State, embracing some of the first settled, and 
now most thickly inhabited counties of the State. The plan for 
the season embraced other counties, in the central portion of the 
State, and one or more in the noithern. But it has been found im 
possible to complete more than the four named. Considerable work 
has been done in Hennepin count}', and some in Stearns, but the 
scattered observations made will be reserved till the work in those 
counties is taken up and reported in detail. The complicated char- 
acter of the work done in Fillmore and Olmsted counties will be 
seen by a glance at the accompanying geological maps of those 
coanties. The eastern portion of these counties, particularly Fill- 
more, falls within that well-known tract denominated by Prof. J. 
ID. Whitney, a " driflless area." This term very nearly describes 
^be tract as represented in this portion of Minnesota, but I have 
l3een able to discern, even in the most eastern part of Fillmore 
oounty, occasional small deposits of true northern drift, as de- 
^tailed by localities in the report on that county. In the absence, 
or attenuation, of the true northern drift, the underlying rocks 
snake bold and frequent outcrops, governing the immediate contour 
of the surface, and deciding the agricultural as well as the general 
industrial resources of the country. It has been necessary, there- 
fore, to give very minute attention to the lines of outcrop of the 
different formations as they make their way across the county, in 
order to delineate them correctly on the accompanying colored 
maps. 

In the survey of these counties I have had the assistance of Mr. 
W. £. Leonard, a student of the University, who accompanied me 
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in the earlier part of the season in Fillmore county, and of Prof. 
M. W. Harrington, of the University of Michigan, whose report is 
herewith presented. Prof. Harrington, who ably carried on the 
work independently in my absence, was compensated only by the 
payment of his field and traveling expenses. He also had the 
privilege of retaining such botanical specimens as he eonld gather, 
for the purpose of enlarging the already magnificent collection of 
plants in the museum of Michigan University , a list of all identifica- 
tions being reported for our survey. 

The catalc^ne of the plants of the State, by Dr. I. A. Lapham. 
mentioned in the report for 1878, has been printed by the State 
Horticultural Society, and is published in its report for 1875, where 
it is duly accredited to the Greological and Natural History Survey^ 
to whose care Dr. Lapham had entrusted it. 

In December, 1872, the Board of Regents adopted a resolution ask- 
ing the representatives and senators in Congress, from Minnesota, 
to take measures to secure to Minnesota such determinations of lat- 
itude and longitude, by the United States Lake Survey, as are done 
in other States by the officers of that survey. Through the co-ope- 
ration of Hon. M. H. Dunnell, representative in Congress, the Su- 
perintendent of the Lake Survey, Gen. C. B. Comstock, was induced 
to take immediate steps toward the determination of the latitude 
and longitude of the University buildings. There being no Con- 
gressional appropriation for further determinations in this State, 
nothing farther has been done. It is desirable, in order to construct 
a correct map of Minnesota, that as many points as possible be es- 
tablished in the same manner. In the State of Michigan, the Lake 
Survey officers are determining one or more points in each county 
of the Southern Peninsula. It is done by special act of Congress, 
appropriating money to enable the Lake Survey to aid the State 
Survey. I call your attention to this matter, that farther efforts 
may be made to carry out the intent of the original action of the 
Board of Regents. It is the established policy of the general gov- 
ernment to aid those States that are carrying on geological surveys, 
through the instrumentality of the coast surveys, and it has been 
so announced. The attention of Congress should be called specially 
to this matter, in order that our survey may receive its share of such 
aid. 

The following has been sent from the office of the Lake Survey, 
at Detroit, by order of Gen. Comstock, giving the results of obser- 
vations made at the University : 
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lAmgUude 



Longitade. 
)ngltade of Washington (Naval % 
Obaeryatory) west flfom Green- > 77® 08^ (KK^. 00 
wlch. 7 

. 8. Lake Sarvey observatory ^ 
(1857 to 1870) west from Washing- V 5 59 59. 80 
ton (Naval Observatory.) / 

^ B, comer of the new Cnstom-j 
Hoase, St. Paul, Minn., west from [lO 02 82. 25 
the L. 8. Obs. (1857 to 1870.) J 



oDaller Capola of the University of 
Minnesota west from the 8. E. 
comer of the new Custom Hoase. 



8 86.50 



f 

\ 



jngitnde of the smaller capola of ^ 

fclie University of Minnesota from > 98<» U' 08^^ 60 

OTeenwich. 3 



References. 
Admiral Sand's let- 
ter, February 9» 
1872. 

L. S. Report 1871 
and Office No. 8. 

L. 8. Report 1872 
and Office No. 8. 

See office rept. No. 
— . A. R. Flint, 
obs'r. T. Ros- 
sell, computer. 



^■I««.^itade of the 8. E. corner of the 
■mew Custom Honse. 

^ aller Cnpola of the University of 
Stfinnesota north from the S. E. 
csorner of the Custom Honse. 



Latitude. 



44. 56 42.89 



156.88 



{ 



aller Cnpola of the University 0^144059/39// 22 
Sidlnnesota. > 



References. 

Office No. 8, ftt)m 
A. R. Flint, ob- 
server, 1871. 

Office rep. No. 218. 
A. R. Flint, ob'r, 
T. Russell, c'p'r. 



Latitude. Longitade. 

aller Cupola of the Univ. of Biinnesota W 58^ 89^^. 22 ^Z"" W 08^^. 60 

C Signed) O. B. WHEELER, 

Compiler. 



In regard to chemical work I am not informed that anything has 
ten done since the report of 1878. From time to time the fol- 
lo^wing sabstances have been submitted to the chemist of the sor- 
for examination. , This list is here given that the records of 
survey may be easily consulted, and that in future analyses 
iples may readily be referred to their sources. 



1. Light, pinkish clay, known as '* Tripoli," ttom Stillwater, Minn. 
Submitted to Prof. Strauge December 10th, 1872. Reported on by Prof. 
Peckham. (See the Second Annual Report.) 

o. 2. Red and yellowish clay, fine grained ; no apparent pebbles nor sand. 
7rom Spring Valley, Minn. Submitted to Prof. Strange December 10th, 
1872. 



8 GEOLOOIOAL AND NAT0BAL HI8TOBY 



tf 



No. 8. Drab, or brown clay, with a reddish tinge, Tery fine and soapy to 
the tonch ; no sand nor pebbles. From Spring Valley, Hinn. Submitted 
to Prof. Strange December 10th, 1872. 

No. 4. Same as No. 2, bat evidently arenaceous, and with occasional small 
pebbles. From Spring Valley, Minn. Submitted to Prof. Strange De- 
cember 10th, 1872. 

No. 5. Peat, from Schmidtz' land, St. Paul, Minn., eight fidet below the 
surf)ftce. Submitted to Dr. P. B. Rose August 6th, 1878. Beported No- 
vember 22d, 1878. (See the Second Annual Beport.) 

No. 6. Peat, firom Schmidtz' land, St. Paul, Minn., 2 feet below the sur- 
fitce. Submitted to Dr. P. B. Bose August 6th, 1878. Beported Novem 
ber 22d, 1878. (See the Second Annual Beport.) 

No. 7. Manufactured Peat, ttom WeUs ; W. Z. Haight. Submitted to Dr. 
P. B. Bose, August 6th, 1878. Beported by him November 22d, 1878. 

No. 8. Peat ttom Lake Emily, near St. Peter, Minn. Submitted to Dr. P. 
P. B. Bose, August 6th, 1878. Reported November 22d, 1878. 

No. 9. Turf-peat, fh>m Empire City. Submitted August 6th, 1878, to Dr. 
P. B. Bose. Beported November 22d, 1878. 

No. 10. Peat ttom Wells, not manufactured. Submitted August 6th, 1878, 
to Dr. P. B. Bose. Reported November 22d, 1878. 

No. 11. Cretaceous coal, cannel, from Crow Creek, near Bed wood Falls, 
Minn. Submitted to Prof. S. F. Peckham, Sept. 6th, 1878. 

No. 12. Coal, f^om the surface, near Bismarck, D. T. Submitted to Prof. 
S. F. Peckham, September 6th, 1878. [The last two have the same ex- 
ternal characters.] 

No. 18. Earthy coal, from Crow Creek, near Bedwood Falls, Minn. Sub- 
mitted to Prof. S. F. Peckham, September 6th, 1878. 

No. 14. A mixture of charcoal and ash, apparently, from the lignite beds 
of the cretaceous, at Bedwood Falls, Minn. Submitted to Prof. S. F. 
Peckham, September 6th, 1878. 

No. 15. Kaolin; the result of decomposed granite, greenish, with no ap- 
parent grit. From Birch Coolie, Minn. Submitted to Prof. S. F. Peck- 
ham, September 6th, 1878. (See description of this substance, and of 
the locality, in the Second Annual Beport.) 

No. 16. Peat, from St. Cloud, 18 inches below the surfietce. Submitted to 
Prof. S. F. Peckham, September 15th, 1878. Partially analyzed and re- 
ported December 28d, 1878. 

No. 17. Peat Arom Lura, Faribault county, Minn., 18 inches below the sur- 
face. Land of W. Z. Haight. Bog A. Submitted to Prof. S. F. Peck- 
ham, October 9th, 1873. Partially analyzed and reported December 28d, 
1878. (See the Second Annual Beport.) 

No. 18. Peat from the same bog as No. 17, 3 feet below the surfiice. Sub- 
mitted to Prof. S. F. Peckham, October 9th, 1878. Partially analyzed and 
reported December 2dd, 1873. 

No. 19. Peat from Lura, Bog B, 18 Inches below the surfoce. Submitted 
October 9th, 1873, to Prof. S. F. Peckham. Partially analyzed and re- 
ported December 28d, 1878. 

No/ 20. Peat trom the same bog as No. 19, 8 feet below the surfiEU^. Sub- 
mitted to Prof. S. F. Peckham, October 9th, 1878. Partially analyzed and 
reported December 28d, 1878. 
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9o, SI. Tnrf-peat, flrom the land oi John Haggard, section 4, town 101, 
rmage 89. Submitted October 9th, 1878, to Prof. S. F. Peckham. Par- 
-felally analyzed and reported December 2dd, 1878. 
iirc>« ^' Peat flrom K. K. Peck's land, near Windom, 8 feet below the snr- 
^Ikce. Submitted October 9th, 1878, to Professor S. P. Peckham. Par- 
-fclally analyzed and reported December 28d, 1878. 
ir^^, 28. Peat from K. K. Peck's land, near Windom, 2 feet below the snr- 
:^nce. Submitted October 9th, 1878, to Professor S. P. Peckham. Par- 
-^sially analyzed and reported December 28d, 1878. 

. 24. Peat, f^om the land of Rev. Edward Savage, near Windom, Minn., 
8 inches below the snrfiace. Submitted October 9th, 1873, to Prof. S. F. 
eckham. Partially analyzed and reported December 23d, 1878. 
. 25. Turf-peat, from S. O. Taggart's land, section 24, town 105, range 
Submitted October 9th, 1878, to Prof. S. F. Peckham. Partially an- 
^Blyzed and reported December 2dd, 1878. 

26. Peat from land of A. A. Soule, Mountain Lake, Minn., 2 feet below 
^the surface. Submitted October 9th, 1878, to Professor S. F. Peckham. 
Tartially analyzed and reported December 28d, 1878. 
^D. 27. Peat from the land of the St. Paul and Sioux City Railroad, section 
18, town 106, range 87, 2 feet below the surface. Submitted to Prof. S. 
F. Peckham, October 9th, 1878. Partially analyzed and reported Decem- 
ber 28d, 1878. 

0. 28. Peat from the land of F. G. Taylor, Brooklyn, Hennepin county. 
Submitted to Prof. S. F. Peckham, October 9th, 1878. Partially analyzed 
and reported December 28d, 1873. 

0. 29. Lumps from the sandstone near the Red Jacket Mills, in Bine Earth 
county, apparently magnesia, or magnesia and lime. (See description of 
that locality in the report for 1878.) Submitted to Prof. S. F. Peckham. 
Partially examined and reported December 28d, 1878. 
o. 80. Green specks in the St, Lavorence limestone. Sample from St. 
Lawrence. Submitted to Prof. S. F. Peckham. Partially examined and 
reported December 28d, 1878. 

0. 81. Green specks from the St. Lawrence limestone. Sample from 
Judson. Submitted to Prof. S. F. Peckham. Partially examined and re- 
ported December 28d, 1878. 

0. 82. Black mineral, accompanying quartz. The quartz occurs in de- 
composed granite, at Minnesota Falls. The mineral has the appearance 
of specular peroxide of iron, bat is thought by the owners to be a min- 
eral of value. Submitted to Prof. 8. F. Peckham, who pronounced it 
haematite iron ore. (See the description of this locality in the Second 
Annual Raport.) 

No. 88. Turf-peat, town 101, range 40, section 27. Submitted to Prof. 8. 
F. Peckham, March, 1874. 

No. 84. Peaty lake sediment, Bigelow, Minn. Submitted to Prof. S. F. 
Peckham, March, 1874. 

No. 85. Peat, from Red Wing, land of Capt. O. Eames. Submitted to 

Prof. S. F. Peckham, March, 1874. 
No. 86. Peat from C. F. Bryan's land, near Winona, Minn. Submitted to 

Prof. 8. F. Peckham, March, 1874. 

2 
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No. 87. Ore flrom the Sank VaUey, said to have been taken from the bot- 
tom of a shaft sunk Id exploration for coal. Submitted to Prof. 8. F. 
Peckham. 

No. 88. Ore, supposed to be of silver, flrom Colorado, from J. B. Cnlver. 
Dnlath, Minn. Submitted to Prof: S. F. Pechham, September 16th» 1874. 
Reported to Mr. Culver. 

No. 89. Ore, supposed to be of silver, from E. F. Kindred, Brainerd, Minn. 
Submitted to Prof. S. F. Peckham, September 18th, 1874. 'Reported to 
Mr. Kindred. 

No. 40. Ore, supposed to be of sliver, from the north shore of Lake Su- 
perior, near Duluth, from H. Burg. Submitted to Dr. P. B. Rose, No- 
vember 20th, 1874. Reported December, 1874, and forwarded to Mr. 
Burg. 

No. 41. Ore from M. L. Casey, supposed to be of iron, from the corporate 
limits of Duluth. Submitted to Prof. S. F. Peckham, December, 1874. 

No. 42. Sample of mineral water from the Belle Plaine Salt Springs. 
Submitted to Prof. S. F. Peckham, October, 1878. Partially analyzed 

and reported December 28d, 1878. 

No. 48. Fragment of native copper, apparently, from R. S. Russell, Pleas- 
ant Qrove, Olmsted county. Submitted to Mr. D. P. Strange in the win- 
ter of 1872 and 78. Reported by Prof. S. F. Peckham, December 28d, 
1878. 

No. 44. Sample of water flrom the Belle Plaine Salt Springs. Submitted 
to Prof. S. F. Peckham, October, 1878. Partially analyzed and reported 
February 16th, 1874. 

The accompanying report also embraces a statement of opera- 
tions in the Museum since the date of the last report thereon. The 
law ordering the Geological and Natural History Survey contains a 
clause as follows : 

Sec. 6. It shall be the duty of said board of regents to cause 
proper specimens, skillfully prepared, secured and labeled, of all 
rocks, soils, ores, coals, fossils, cements, building-stones, plants, 
woods, skins, and skeletons of animals, birds, insects and fishes, 
and other mineral, vegetable and animal substances and organisms 
discovered and examined in the course of said surveys, to be pre- 
served, for public inspection, free of cost, in the University of 
Minnesota, in rooms convenient of access, and properly warmed, 
lighted, ventilated and furnished, and in charge of a proper sciiin- 
tific curator. • • • 

This clearly establishes in the University a State Cabinet or Ma- 
senm of Natural History. A report on the progress of the survey, 
in compfiance with law, implies a report on the condition of its col- 
lections. Hence it seems proper that hereafter the report on the 
museum should be embraced in that on the progress of the survey. 
With the establishment of the State Museum at the University 
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arises the necessity for cases for the exhibition and proper keeping 
of the collections, and other current expenses involved in their 
transportation, labeling and custody. Objects of Natural History, 
requiring carefhl and often expensive preparation, must be con- 
stantly watched and frequently cleansed, to prevent their deteriora- 
tion and destruction. The mounting of mammals and of birds is 
expensive. To carry on a system of exchanging, with other insti- 
tutions, as ordered by the law, involves an outlay of money. None 
of these expenses have been provided for. The legislature should 
make an annual appropriation of several hundred dollars to enable 
the Regents to carry out that part of the law. It will require, at 
once, about a thousand dollars to fit up the rooms assigned to the 
use of the Museum, with suitable cases and other appliances. 

I wish to call to your serious attention, the propriety of taking 
steps to place on an active footing other portions of the work ordered 
by the general law of March, 1872. Sundry practical questions 
involving the induETtries of the state and the confort of the people, 
have arisen since the inception of the survey ; and the demand for 
their solution, by efficient means and in an authoritative manner, 
has sought expression in attempts at special legislation, creating 
special commissions for the purpose of investigation and report. 
These practical questions, which really depend, in their ultimate re- 
sults, on the means taken to investigate under the guide of science, 
and to modify or control their operations, are covered by the terms 
of the general law of March, 1872. I refer to an examination of 
the peat deposits, and to the collection of statistics concerning the 
late incursion of the western grasshoppers into the state. K the 
general law were put into vigorous execution, with ample means, 
there would be no. inducement to originate special commissions to 
perform the various portions of the work ordered. It seems to me 
these departments ought not to rest much longer without making a 
systematic beginning. If nothing more is done than to keep up an 
organization, with little expense, such organization would be ready 
in case any public emergency arises to take the work in hand, and 
to furnish information immediately concerning its proper treatment. 
In the mean time, any special commission, created to perform work 
required by the terms of the general law, should be made subject 
to the Board of Regents, and all official reports on scientific investi- 
gations, covered by that law, ought to be made as so much con- 
tributed to the progress of the Geological and Natural History 
Survey. Then the state will not find herself duplicating her em- 
ployes, and performing twice the same service. Then all these in- 
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vestigations will be jadicloosly supervised, and the scientific work 
of the state will be harmonized in all its relations. 

Germane to the work of the geological survey, is the ooUeotlon 
of a set of the building stones, minerals, limes and soils of the 
state, for exhibition at the Centennial Exposition, to be held 
at Philadelphia in the year 1876. The State Board of Centennial 
Managers having requested the aid of the Greological Survey in 
making a suitable collection of the objects named, the Board of 
Regents, through their Executive Committee,* authorized me to 
superintend their collection. Altheugh the desires and plans of the 
State Board of Centennial Managers have been very widely pub- 
lished, and considerable personal appeal has been resorted to, the 
present condition of the meager collections thus flEur made does not 
warrant ardent expectations that this branch of the exhibition on 
the part of Minnesota will be creditably sustained. 

In submitting this report, I take pleasure in acknowledging the 
aid of the people of the counties reported on, and especially of 
Prof. M. W. Harrington, of Ann Arbor, whose former connection 
with the geological survey of Michigan enabled him to conduct the 
field work independently, releasing me for other duties. 

Very respectfhlly, 

N. H. WINCHELL. 



The Univbbsity of Minnesota, 
Minneapolis, Minn., Dec. 81, 1875 
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REPORT ON THE GEOLOGY OF 

FILLMORE COUNTY. 



SittuUUm and Area, 



Fillmore county lies adjacent to the State of Iowa, and is sepa- 
rated from the Mississippi river by Houston county. It lies next 
east of Mower county, which was reported on last year. It has a 
.width, north and south, of four government towns, each six miles 
square, and a length, east and west, of six, making it cme of the 
largest of the organized counties. Its area is about 864 square 
miles, or 558,081.77 acres, according to the records of the State 
Land Office. It contains no lakes, and but few acres that are un- 
suited to farm tillage. Preston is the county seat. Lanesboro, 
Spring Valley, Chatfiield and Rushford are the principal towns. 

Natural Drainage, 

« 

Boot river, with its tributaries, drains nearly the whole of the 
county. The Upper Iowa river, which enters the county in Beaver 
and Bristol townships, receives a few small streams from the south- 
em tier of townships. Root river, flowing toward the east, spreads 
out its tributaries north and south, like the rays of a fan, crossing 
the entire county from west to east. Many of the branches of Root 
river rise in the counties next west and north of Fillmore county, 
in a tract of country covered with northern drift. After entering 
Fillmore county, they soon enter canon-like valleys, and the drift 
becomes much lighter. They then converge toward the main val- 
ley, following deeply cut rocl^ valleys, and leave the county in one 
volume at Rushford, in the northeastern comer of the county. These 
streams furnish frequent water-power privileges, and a number of 
them have been improved in the erection of mills, which are scattered 
throughout the county as follows. There are, besides these, several 
smaller saw mills : 



14 GEOLOGIOAL AND NATURAL HI8TOBT 

At Chatfleld, two floorlog mills. 

On the southeast quarter of section 17, Chatfleld, one flooring mill. 

At Clear Grit, one flouring mill. 

On section 81, Jordan, one saw mill. 

At Preston, one flouring and one woolen mill. 

At Carlmona, one flouring mill. 

At Forestville, one flouring mill. 

At ^tna, one flouring mill. 

At Fillmore, two flouring mills. 

At Baldwin's Bridge, (section 21, Forestville,) one saw mill,— also fitted 
for grinding feed. 

At section 24, Bloomfleld, (De For,) one flouring mill. . 

At Granger, two flouring mills. 

On South Boot river, three flouring mills. 

At Rushford, three flouring mills. 

At Peterson, one flouring mill. 

At Whalen, two flouring mlUs. 

At Lanesboro, three flouring mills. 

On Bear and Deer Creeks, in the northwestern part of the county, eight 
flouring and four saw mills. 

At the Tunnel Mills, section 84, Snmner, advantage has been ta- 
ken of the winding course of Bear Creek. The oreek is enclosed on 
both sides by high rocky walls. A tunnel has been cut through a 
narrow neck, excavated in the rock, admitting the water, which falls 
again into the river, on section 84, producing a fall of 25 feet in 600 
feet. The cut in the rock is 600 feet long, for the tunnel, and 100 
feet for the tail race. At G. Weisbeck's Mill, a similar opportunity 
is offered. This is on section 11, Spring Valley. By a tunnel of 
70 feet, through the " Hog's back," a fall of 17 feet 10 inches may 
be secured ; and at the lime kiln of Mr. J. H. Hall, near Weisbeck's, 
a tunnel of 125 feet will fhrnish a power of 20 feet. About 20 rods 
from Weisbeck*s, a tunnel of 450 feet will aflTord 64 feet head of 
water. The rock is limestone, in horizontal bedding. 

Surface FeaJturea. 

That portion of the county which is covered with a thick deposit 
of foreign drift presents the usual monotony of surface, character- 
istic of the drift latitudes. This includes the most of the west^^rn 
range of townships across the western end of the county, and so^vne 
portions of the next range east. There are, however, even wi^liin 
the drift area, a number of narrow, deeply cut valleys, with pre^^ip- 
itous, rocky bluffs, having very much the nature of canons, '^ike 
those of the driftless territories of the west. Toward the ^sat 
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these deeply cut valleys are more numerous. All the little streams, 
and a great many narrow valleys that have no running water in 
them, have high, rocky blufb along their whole course. These val- 
lies and streams, constituting the drainage system of the county, 
converge toward the valley of Boot river. The valley of this 
stream, with its principal tributaries, presents some of the most 
remarkable and instructive phenomena of erosion to be found in 
the state. It passes nearly at right angles across the strike of the 
formations. These are alternating limestones and sandstones, with 
an occasional bed of soft shale. The Trenton limestone, underlain 
by the easily eroded St. Peter sandstone, the same as at the falls of 
St. Anthony, although about a hundred and sixty feet in thickness, 
is eaten into by the retroaction of the water as it plunges over the 
falls at the point where the streams cross the line of its super- 
position over the St. Peter, until they have each excavated in the 
Trenton a deep channel f^om 15 to SO miles in extent. Through 
the line of strike of the St. Peter these valleys are widened out, 
the surface of the low ground within the bluf% being usually one of 
rich meadow with undulating surface, from one to two hundred feet 
below the general level. The Lower Magnesian Formation is entered 
npon by the streams while they are yet a good many miles within 
the general area of the Trenton. As this formation consists of three 
members, (two limestones, separated by a sandstone about 80 feet 
in thickness,) it repeats the succession of phenomena witnessed in 
the erosion of the Trenton and St. Peter. As the water leaves the 
Shakopee limestone and enters upon the Jordan sandstone, it passes 
over a series of rapids, or a fall of several feet perpendicular, which 
falls or rapids undergo a process of recession under the same causes as 
produce the recession of the Ttrenton-St. Peter falls. Again, when 
the stream passes from the St. Lawrence limestone upon the St. 
Croix sandstone the same conjunction of circumstances causes 
another rapid or water-fall. Thus by a series of steps, more or 
less evident, the branches of Root river descend from the area of 
the Gkdena limestone to the St. Croix sandstone. The valleys 
widen in tbe sandstone areas, and become abruptly narrow in the 
limestone belts. In passing down a stream, within a sandstone 
area, where the valley is perhaps half a mile wide, with tilled farms 
in the bottom land, the high blufb being remote fh)m the stream, 
the first indication of an approaching change in the formation is the 
rise of a terrace along the immediate river bank, with an occasional 
exposure of lime rock facing the water. This terrace, which be- 
comes almost continuously rocky, rises slowly till it exposes the full 
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thickness of the rock which caases it. On the other hand, the first 
evidence of a change from limestone to sandstone, visible in 
descending the stream, is the occurrence of a waterfall or rapid. 
Such changes produce water-powers, many of which have been 
improved. Hence, the location of a flouring mill, on one of these 
branches, is an intimation to the geolgist that at that point one of 
his boundary lines crosses that stream. Around these points gath- 
ered the first village settlements. Preston is located where the 
water-power formed by the descent of the liver from the Shakopee 
on to the Jordan induced the construction of mills. The water- 
power at Chatfield is formed in the same way. Near Fillmore the 
branches of Root river, known as Deer and Bear creeks, afibrd good 
water powers by their descent from the lower Trenton to the St. 
Peter. Mills have been built at both points. On the south branch 
of Root river, above Forestville, the stream leaves the Trenton, and 
the waterfall has been improved in the same manner, at Baldwin's 
Mill. The same fact is illustrated by a great number of eastward 
fiowing streams, in the eastern border counties, between Fillmore 
county and the falls of St. Anthony at Minneapolis. Of course, 
rapids are also likely to be formed, especially in small streams, 
when passing through the areas of rock of uniform hardness. Sach 
water-powers, and others that are formed by the construction of 
dams, do not fall into this class. 

While the immediate valleys of Boot river and its tributaries are 
apt to be rocky, the country that spreads out in either direction, 
after leaving the valleys, is not rough. It is rolling, or undulating. 
In the eastern portion the rocks are covered by a heavy deposit of 
rich, clayey, loam, known as the loess^ which fills up many depres- 
sions and lends a uniform and remarkable fertility to the soil. It 
constitutes the soil. The farms are all well drained, naturally. The 
county contains no lakes. In York township there is a slough which 
on some maps is represented as a lake. It is about a quarter of a 
mile across. The Trenton area is distinctly separated, topographi- 
cally, from that of St. Peter and the lower formations. From the 
Trenton to the Lower Magnesian the surface descends by- a step or 
terrace, about 125 feet. Some of the Trenton areas are isolated from 
the main area, and constitute small tables or mounds, which are well 
known as " Trenton mounds " in the early reports. Some travelers 
have referred them to the agency of the ancient " mound builders," 
and a good many of the residents, who are not aware of the geolog- 
ical causes that have produced them, still believe that they are 
artificial instead of natural. From some of the elevated Trenton 
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areas, overlookiDg the river valleys, magnificent views of landscape 
may be had. From the elevated Trenton area in Newburg town- 
ship, the eye looks over the valley of 8. Boot river, and can almost 
discern the Trenton blufi^ on the opposite slopes of Boot river in 
the northern part of the county. From the peninsula of the Trenton 
running north between Camp and Willow creeks, in Preston town- 
ship, the village of Fountain is plainly discernible across the valleys 
of the S. Branch of Boot river and Watson's creek, with a wide ex- 
panse of alternating timber and prairie between, while on either side 
is a broad undulating valley of prairie land. On the east is Camp 
creek valley, and on the west is that of Willow creek. These valleys 
are deep and wide, but owing to the thickness of the loess loam, 
the slopes are gentle and broad, and, in the fall of the year, when 
the industry of the farmer is exhibited in the plowing of his wheat 
fields, and the threshing of his last crop, in every direction may be 
heard the rattle of threshers, often running by steam, and may be 
seen a hundred teams preparing for the next harvest. Another 
magnificent view may be obtained from the Trenton peninsula on 
sees. 10 and 15 in CarroUton. From here the view extends north 
over the valley of Boot river to the Trenton bluffs along the north 
boundary of the county, a distance of over forty miles, and toward 
the south over the valley of the S. Branch of Boot river, looking 
over Preston and Lanesboro, which are situated within the river 
bluffs, so far below the general level of the country, that they can 
be seen but a short distance before reaching them. Further down 
Boot river valley, the gorge in which the river runs becomes wider, 
being at Bushford, about two miles in width with fine farm lands in 
the bottoms. The bluffs are rounded off with age and have a thin 
soil, generally turfed, though showing frequent rock exposure. The 
river is there 565 feet below the tops of the bluffs, as measured by 
aneroid. At Whalen, in Holt township, the river is, by the same 
measurement, 470 feet below the top of the Trenton terrace on sec. 
20. Whalen's Bluff is 250 feet high above the river. At Lanesboro, 
in CarroUton, the river is 285 feet below the immediate river blufii9, 
which consist wholly of the Lower Magnesian formation, and about 
440 feet below the top of the Trenton terrace on sec. 20, Holt. At 
Preston the river at the stone mill is dd5 feet below the Trenton 
terrace, which forms the general level about a mile south of the 
Tillage. At Isinours Station the river runs 145 feet below the top 
of the Shakopee limestone which forms there the brow of the im- 
mediate river bluflTs. At Forestville, the height of the country, 
north of the village, above the river, is 285 feet. The immediate 

3 
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river blaffb are 190 feet above the mill pond. At Chatfield, the river 
is about 222 feet below the general level of the country. At Fillmore, 
the prairie upland is 200 feet above the river level. From Fountain 
to Isinours station, the track of the Southern Minnesota railroad de- 
scends 401 feet, passing f)rom the upper Trenton to the St. Lawrence, 
and entering the latter formation about 25 feet, the rocks all lying 
nearly horizontal At Weisbeck's Mill, on Deer Creek, section 11, 
Spring Valley, the river is 205 feet below the general level of the coun- 
try. There is here a little drift, but the cut is mostly in the Galena 
and Trenton limestones. The village of Fountain is about 850 feet 
higher than the terrace, at Preston, on which the Stanwix House 
stands. These measurements might be multiplied, but enough have 
been given to show the unevenness of the surface, due to erosion. 
The rocks lie everywhere nearly horizontal. The varied topography 
of the county is due to the influence of running water, and atmos- 
pheric forces, on the rocks, combined with their alternations of lime- 
stone with soft sandstone. The limestones are firm, and resist 
these forces much longer than the sandstones. They alternate in 
the following manner, in descending order : 

Trenton Ihnestone. 
St. Peter sandstone. 
Shakopee limestone. 
Jordan sandstODe. 
St. Lawrence limestone. 
St. Croix sandstone. 

The limestones form the prominent features in the topography ^ 
They have the most frequent outcrops. They project along th^^ 
summits of the bluffs, and constitute the brows of benches or teir — 
races that diversify the county. The sandstones never, or very sel — 
dom, appear in the tops of the bluffs. They outcrop in sheltered 
nooks, or below the line of the limestone exposure. They are mor^ 
likely to be hid by soil and turf. The lower Trenton contains, be- 
sides about 20 feet above the St. Peter sandstone, a layer of easily 
eroded green shale, which, outcropping by roadsides, introduces sl 
series of springs and muddy spots, being impervious to water, thati 
invariably follows that boundary line wherever it goes. It with- 
stands the disintegrating action of the elements even more success- 
fully than the limestones themselves. For that reason it protects 
that portion of the Trenton which lies below it, long after that which 
lies above it has been entirely denuded. The strike of the upper 
Trenton is often driven back several miles from that of the lower 
Trenton. The lime rock which lies below this shale is about 20 feet 
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thick. The singolar Trenton mounds, which have already been 
mentioned, are composed of the lower Trenton protected by a great- 
er or less thickness of the green shale, and a portion of the St. 
I^eter sandstone. The subjoined diagram illustrates the manner of 
ureathering down of the Trenton and St. Peter. Instances of this 
may be seen in almost any square mile, in the loam-covered area, 
jtlong the outrunning strike of the Trenton. 
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At a the Trenton has its fhll thickness, abont 160 feet. Such a 
point may be found at Foantain ; b represents an ontcrop of the 
upper Trenton, as seen along the gorges that are frequent in the 
Trenton area. Such an outcrop is visible at the ^^Big Spring," a 
few miles northwest of Fountain, where the water rushes out in a 
great volume near the base of the bluff, and probably on a level 
with the top of the Green Shale. At c is a marshy tract, or one 
that is gently sloping, having a springy margin, near the brow of 
the lower bluff. Such spots are visible particularly at Chatfield, in 
the northern part of the village, near Jacob's lime-kiln, and west of 
there. A flue illustration of the effect of this shale on the surface 
drainage may be seen in section d5. Holt, where a copious spring 
issues from near the top of the mound of Trenton, the water being 
shed by the shale overlying, and is gathered by troughs into a tank 
for watering stock, d represents the outcropping edge of the 
lower Trenton, It is this which is seen in the summits of the iso* 
lated mounds, and which forms the conspicuous shoulder that exists 
wherever the strike of the lower Trenton crosses the county. The 
slope e is occupied by the St. Peter sandstone. Sometimes this is 
quite precipitous, and its upper forty or fifty feet are very apt to be, 
but its lower portion is generally very gently descending, so that it 
is impossible to determine when it is replaced by the Shakopee 
which underlies it. The horizontal distance between b and d is 
sometimes several miles. This is apt to be the case along the east- 
em margin of the Trenton area. Indeed the detached Trenton 
areas in Holt and Amherst, and notably that in Pilot Mound, town- 
ships, comprise only this lower portion of the Trenton. The Shak- 
opee limestone, /, underlying the St. Peter, is that which occurs 
along the tops of the immediate blufb of the river, as at Preston, 
Lianesboro, Clear Grit and Whalen. At Chatfield it is seen at the 
mill, and rises about thirty feet above the river. 

Throughout the Trenton area are found a great many depressions 
that are well known as ^^sinkholes." These consist of broken 
down spots in the drift, or loam, where it had been spread over a 
pre-existing canon in the rock. In some places they are very nu- 
merous, but they are confined, so far as known, with but a single 
exception, to the Trenton areas. They throw some light on the 
condition of rocky surface prior to the period which witnessed the 
spreading of the drift. The rock was wrought, at least in Fillmore 
county, in very much the same manner as we now see it along the 
liver gorges. The immense valleys of erosion which we see, not 
only in Fillmore county, but also throughout the tract that has been 
denominated the '^ DrilUess area/' were excavated before the glacial 
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period. When the streams of the present time ran in such gorges 
they have been so located by the exigencies of surface drainage 
and erosion since the glacial epoch. That these gorges antedate 
the glacial period is shown by their existence beneath the glacial 
drift. These sink-holes sometimes occnr in lines, and with increas- 
ing frequency and size toward a large valley, and at last coalesce 
so as to form a continuous valley, though frequently without run- 
ning water, that becomes tributary to the larger gorge. These 
gorges under the drift can sometimes be traced for some distance 
by a series of successive sink-holes. Sometimes streams are lost 
in them, and reappear at lower levels. There are several well- 
known subterranean passages in the county. Lost Creek, in Jordan 
township, and the Brook Kedron, in Sumner, both have underground 
passages for several miles. Canfield Creek, south of Forestville, 
runs underground about twelve miles, and, finally, the south branch 
of Root River sinks on the northeast quarter of section 19, For- 
estville, and runs underground, except in high water, to about the 
center of section 21, where it reappears again. These underground 
passages are in the area of the Trenton. They indicate the corru- 
gated surface the country presented prior to the overspreading of 
the drift and loess loam. The Trenton cannot be supposed to have 
been any more subject to such causes as produced this channeling 
in the rock than the other formations of the Lower Silurian. There 
is some reason, however, why these gorges are found almost entire- 
ly confined to that limestone. As has been said, the rest of the 
Lower Silurian consists of alternating sandstones and limestones, 
which conduces to their breaking down laterally, the sandstones 
easily crumbling out. The Trenton limestone, on the other hand, 
while it has a thickness of 160 feet, more or less, has, near its base, 
a bed of impervious shale, which prevents the downward infiltration 
of the surface water, and protects the underlying sandstone. Hence 
the erosions that operate laterally, in tearing down the other Lower 
Silurian formations, are occupied, in the Trenton limestone area, in 
cutting narrow perpendicular gorges. For this reason the Trenton 
area is everywhere the highest in the county. From the eastern 
boundary of the Trenton, looking east, one beholds a broad land- 
scape lying several hundred feet, in some places, below him, the 
effect of the more rapid denudation of the rocks of that portion of 
the county. Into such narrow gorges neither the drift nor the loess 
loam, however deposited, would enter with such compactness as to 
close up the pre-existing water courses ; and when partially closed 
up, as they were wherever sink-holes have since appeared, they 
have been undergoing ever since a process of re-excavation. This 
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process is revealed in the occasional collapsing of the surface soiU 
and the formation of a new sink-hole, and in the enlargement of 
others, since the settlement of the county. The following notes on 
the various towns of the county show the distribution of timber, 
the area and the magnetic variation at the time of the United States 
township survey (1854.) The distribution of timber, however, as 
herein noted, varies somewhat fjrom the actual facts as existing at 
the present time. The areas of timber as they exist now, are more 
correctly shown on the accompanying map, which is based on that 
of the county published in Andreas' Atlas of Minnesota. 

In addition to the timbered areas as here noted, a great propor- 
tion of the county is covered with bushes which are composed of 
hazel, aspen, oak (two sorts) and, where these are wanting, a 
species of low willow which seems to come up first after the prairie 
fires are stopped. After the willow, hazel and oak and aspen grad- 
aally come in, and in time convert the original prairie to a bushy or 
timbered region. Over a great deal of the county this process is 
going on. There are thousands of acres of young native timber not 
exceeding five or six inches in diameter. 

The general elevation of the county above the sea may be seen 
ftom the following points along the Southern Minnesota R. R. : 

Rushford Depot 711 feet. 

Lanesboro Depot 881 feet. 

Isinonr's Station 888 feet. 

Fountain Depot 1 ,289 feet. 

Grand Meadow, Mower County 1,825 feet. 

Notes from the Surveyor's Plats of Tovms of Fillmore Co. 

Newburg. T. 101 N., R. 8 W. 

A large portion of this town is prairie. In the N. W. comer the 
S • Branch of Root river introduces a broken and wooden tract in 
sees. 6, 5 and 4. Thickets of small timber are found in the central 
and southwestern portions, and also in the northeast. Magnetic 
Variation 4^ 45' to 9^ 22'. Area, 28,045.54 acres. 

Preble. T. 102 N.j B. 8 W. 

This town is mainly wooded. It is crossed in the northeasterly 
direction by the south branch of Root river, which, with its tribu- 
taries brings in a great diversity of surface. There is a small 
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prairie patch in sections 25, 26, d4, d5 and d6. Magnetic Variation 
6° 10' to 9° 12'. Area, 23,06a.60 acres. 

Norway. T. 108 N.^ R. 8 W. 

An irregular patch of prairie enters this town from the sooth and 
west, becomes narrow in the central portion, but expands to three 
miles in extent N. and S. in the northeastern. This prairie belt is a 
divide between the tribataries of the Soath Branch and of Boot river, 
and is broken into by the blolfs that accompany those tribataries and 
extend beyond the limit of flowing water. Variation 6^ 46' to 9^ 10'. 
Acreage, 28,012.08. 

Ruihford. T. 104 N.j X.S W. 

The only prairie land found in this town is that along the bottom 
land of Root river lying within the rock bluflb. This is marshy, ex- 
cept along the tributary valleys. Boot river crosses the central part 
of the town, and flows several hundred feet lower than the level of 
the adjoining country. Magnetic Variation 5^ 45' to 9^ 6' Acreage, 
28,149.18. 

Canton. T. 101 N, R. 9 W. 

This township is wooded, except in the northeastern and south- 
eastern portions, and a small area entering from the west covering 
sees. 18 and 19. Mag. Var. 7© 5' to lOo 56'. Acreage, 28,054.32. 

Amherst. T. 102 N., R. 9 W. 

The larger portion of this town is prairie, broken with patches of 
thicket and heavier timber. Mag. Var. 7° 42' to 10° 50'. Acreage, 
28,045.72. 

HoU. T. 108 N., R. 9 W. 

A prairie tract covers sees. 25, 85 and 86, and a portion of 81. 
With this exception, and the wet prairie within the river bluffs, this 
town is wooded. The Boot river passes through sections 7, 8, 9, 
8 and 2. Mag. Var. 5° 12' (N. side of sec. 8) to 14° 51' (N. side of 
sec. 5). Acreage, 28,046.70. 
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Arendahl T. 104 N., E. 9 W. 

The prairie portion is in the northwest and centre. A belt of tim- 
ber skirts along the northern boundary, and on the east unites with 
the timber of the Root river valley in the southeast. About one- 
half of the town is timbered. Mag. Var. 5° 21' to 17o. (The for- 
mer is on the south side of sec. 3d, and the latter on the south- 
weet part of the same section.) Acreage, 28,007.84. 

Harmony. T. 101 JYl, E. 10 W. 

This town is represented as all wooded except about one section, 
coTering parts of 14, 18, 28 and 24 ; and about half a section cov- 
ering contiguous portions of sees. 18 and 19. (There seems to be 
an error in the plat of this town. The central portion is probably 
prahrie.) Mag. Var. 9^ 25' to 12o. Acreage, 28,018.72. 

Preston. T. 102 N.^ E. 10 W. 

This town is greatly diversified with frequent changes from prairie 
to thicket and timber. The Boot river, which enters it io section 6, 
soon leaves it on section 5, but by its deeply eroded valley has 
brought in a marked diversity of surface, accompanied by more or 
leas timber. Mag. Var. 9^ 17' to 12"" 12^. Acreage, 28,008.29. 

CarroUUm. T. 108 N., E. 10 TT. 

There is but little prairie in this town. The only parts so repre. 
sented being in sections 85 and 86, and the northern portion of sec- 
tion 6. A tract of heavy timber occurs in the northwest, sections 
7 and 8. The valley of the Root River, though very rough, is not 
always wooded. Mag. Var. e"" 12' to 18^ 45'. Acreage, 28,026.84. 

Pilot Mound. T. 104 N., E. 10 W. 

ft 
In the northeastern part there is a prairie tract and also in the 

northwestern, but the greater portion is represented as wooded, or 

oovered with brush and thickets. The Root river, which crosses it 

in a southeasterly direction, brings in a deep valley of erosion, with 

rock-bound blufb several hundred feet high. Var. 8^ 51' to 18^ 45^ 

Acreage, 22,998.57. 
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Bristol. T. 101 JYl, B. 11 W. 

This town consists of prairie and thickets, a belt of the former, 
widening to 5 miles toward the west, crossing it fh>m east to west. 
Mag. Var. 10'' 20' to 12^ i(y. Acreage, 28,026.98. 

Carimana. T. 102 N.^ B. 11 W. 

There is an area of prairie in the southwestern comer of this town, 
but the most of the town is covered with sparse timber, with patches 
of heavy timber. It has a great many '* sink holes.** Mag. Var. 
80 80' to 12P 16'. Acreage, 28,071.37. 

Fountain. T. 108 N.^ B. 11 W. 

A great many ^' sink holes ** also are found in this town. It has 
small patches of timber or oak thickets, scatterred over the whole 
area, and a considerable heavy timber along the streams. Watson's 
creek crossing it firom west to east, is the cause of a considerable 
diversity of surface. Var. 8^ b' to 11^ 6'. Acreage, 28,108.77. 

Chatfidd. T. 104 N.^ B.ll W. 

The North Branch of Root river, with its various tributaries, 
causes a rough and sometimes rocky character of surface to prevail 
in much of this town. It has but little real prairie, though there are 
openings in the thickets and oak bushes that are without timber. 
Mag. Var. 7° 61' to 11° 2'. Acreage, 28,022.68. 

York. T. 101 N., B. 12 W. 

A tract of wood and thicket crosses this town N. and S., about 
two miles wide, east of the center. The rest is prairie. Mag. Var. 
QO 49' to no 48'. Acreage, 23,076.64. 

FoteatvtUe. T. 102 N., B. 12 W. 

The central part of this town is covered with timber and small 
oaks and aspens. It has a tract of prairie in the N. W. and in the 
S., both together covering about six sections. It abounds in sinl^ 
holes. Mag. Var. 9© 41' to 12° 2'. Acreage, 28,206.28. 
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FiUmare. T. 108 271, B. 12 W. 

There ib a region of heavy timber west of the Middle Branch of 
Boot river, in this town. The rest is prairie interspersed with 
thickets and patches of oak bmsh and aspen. Mag. Var. 8^ 40' to 
no 42". Acreage, 28,082.88. 

Jordan. T. 104 N., R. 12 W. 

The greater portion of this town is covered with heavy timber, 
the only noteworthy region of prairie being in the northwestern 
corner, covering sees. 6, 7 and 18, and parts of 19, 20, 17, 8 and 5. 
Mag. Var. 9o 42' to 12^. Acreage, 28,085.51. 

Beavw. T. 101 N.^ B. 18 W. 

A strip of timber accompanies the valley of Sloagh Creek, across 
the whole of this town, fh>m section 6 to section 85, and the rest is 
of prairie, with several narrow sloughs, running generally north and 
south. Mag. Var. 8o 59' to lio 15'. Acreage, 28,072.50. 

Bhomfldd. T. 102 N., B. 18 M^. 

There is an irregular area of timber and oak brush in the eastern 
and central part of this town, accompanying and spreading north- 
ward firom the valley of the South Branch of Root river, but about 
two-thirds of the whole is of prairie, with a few sloughs in the east- 
em part. Mag. Var. 9^ 8^ to 12o. Acreage, 28,018.96. 

SpHng VaXLey. T. 108 N., B. 18 W. 

There is a belt of prairie covering the southern tier of sections, 
including parts of 29, 28 and 27. The rest is sparsely or heavily 
timbered. Var. 10^ 15' to Id"". Acreage, 28,068.86. 

Sumner. T. 104 N.y B. 18 W. 

The southeastern part of this town is wooded, but more than one- 
half is of prairie, and flat. Mag. Var. 8'' 25' U> 18^ 15'. Acreage, 
22,915.69. 
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SoU and Timber. 

The soil of the county is generally very fertile. The immediate 
surface is a loam. This varies in color and composition, as well as 
in origin. That portion of the county covered with the northern 
drift has primarily a drift soil, which consists of gravelly day. 
Where this forms the immediate surface, which is the case only on 
knolls and on the brows of the river blufb, it affords a soil of an 
ashen color, if dry. In timbered belts it is more stony, or gravelly. 
In the open prairies, and in low grounds, it is covered with a loam. 
This is believed to have resulted f^rom the natural decomposition of 
the coarse materials of the drift, under the calcining influence of the 
prairie fires, and the frosts of ages. It has never been seen strati- 
fied, or arranged with any regularity that would indicate its having 
been deposited either by standing or running water. In most cases, 
especially on the open prairie, it is nearly black. As it is mingled 
with the drift clay, it becomes lighter colored. In the low grounds 
it is much thicker, and also of a black color. Overlapping the drift 
area, in a belt about five miles wide, is a soil formed by the ming- 
ling of the loess loam with the drift. The loess loam is later than 
the glacial drift, and in the process of deposition it is modified by 
contact with the drift clay. The loess loam is indistinctly strati- 
fied, though it usually appears massive, and consists of fine, often 
clayey, sediment. The soil derived from it, usually sandy and light 
colored, or rusty, is sometimes so clayey as to make, when wet, a 
fine and very slippery mud. The soil derived distinctively fh)m the 
loess loam covers at least one-half of the county, and is supposed 
to extend to the Mississippi river. It makes a rich and apparently 
a strong soil, as it supports a cropping of wheat from year to year. 
It is impossible to define its western limit. If it were derived fh>m 
a long-standing inland lake, some beach lines would be found indi- 
cating its western boundary. No beach lines have been found. 
That it was deposited from standing water can hardly be questioned. 
It thins out westwardly gradually, passing through a confhsed or 
mixed condition, resulting firom the mingling of the drift materials 
with the sediment, or by its overlapping the drift. While the es- 
sentially loess loam soil, of the eastern part of the county, can be 
distiDguished easily from the drift soil of the western, no line of de- 
ma rkati on separating them has been noticed. A line drawn f^m 
the southeast corner of Bristol to the northeast comer of Jordan 
would roughly set off the area that has a distinctively loess loam 
soil. West of that is a belt five or six miles wide, in which the loess 
loam soil mingles with the drift soil. The rest of the county toward 



SUBYEY OF MINN1B80TA. 29 

the west is occupied with a distinctively drift soil, or drift loam 
8oU. 

The following list embraces such native trees and shmbs as were 
seen in the survey of the county. The trees are arranged in the es- 
timated order of frequency. The area covered by native timber is 
steadily increasing : 

Burr Oak. Qaercos macrocarpa. Miehx, 

Bed Oak. Qaercus rubra. L. {f) [This is the oak thai is abundant as 
underbrush, and small trees. It often forms thickets skirting the outlines 
of a prairie.] 

Aspen. Fopulas tremaloides. Michx. [(Generally small, and on the 
borders of prairies.] 

White Oak. Quercus alba. L, [Common In the timber in Spring Valley 
and Jordan townships, and generally along the valleys of the principal 
streams.] 

Wild Plum. Prunns Americana. Marsh. 

Great-toothed Poplar. Populus grandidentata. Miehx. [Very frequently 
mistaken for the American Aspen ] 

American Elm. Ulmns Americana* {PI. Clayf.) Willd, 

Bass. Tilia Americana. L. 

White Ash. Fraxinus Americana. L. 

American Crab. Pyrus coronaria. L. [Common along the margins of 
prairies and in open valleys.] 

Iron Wood. Ostrya Virgiuica. Willd. 

Bed Maple. Acer rubrum. L. 

Sugar Maple. Acer saccharinnm. Wang. [Common in the heavy timber 
in Spring VaUey and Jordan township.] 

Cottonwood. Populus monilifera. Ait. 

Black Cherry. Prunas serotina. Ehr. [Trees generally small.] 

Black Oak. Qnercus tinctoria. Bart. (?) [Found in the heavy timber 
In the northwestern portion of the county. 

Bittemut, Carya amara. NiUt. 

Butternut. Juglans cinerea. L. [Seen most abundant in the heavy 
timber in the northwestern part of the county.] 

Wild Bed Cheny. Prunus Pennsylvanica L. 

Thorn Apple. Crataegus coccinea. L. 

Cockspur Thorn. Crataegus Crus-galli. L. 

White Birch. Betula alba. Var. populifolia. SjMch. (?) [Trees small; 
generally on stony soil, or along rocky river banks.] 

Black Walnut. Juglans nigra. L. [In the heavy timber of the north- 
western part of the county.] 

Box Elder. Negundo aceroides. Masneh* 

Small Cedar. Juniperus Sabina, L. Var. procambens, Pur8h.{f) [Along 
the rocky river blnffs.] 

White Pine. Plnus Strobus. L. An occasional large tree is seen along 
the river blufl^ ; but the most of it, suitable for lumber, has been cut* 

Water Beech. Carpinus Americana. Mkkx. 
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Shag-bark Hickory. Carya alba. Nvtt. TSeen in the valley of Root 
rlrer, and in the tributary gorges at Boshford.] 
Smooth Sumac. Bhna glabra. L, 
Cornel. C<{miu panlcnlata. L*Bier. 
Cornel. Comns circinata. L'Her. 
Wolf berry. Symphoricarpus occidentalls. B. Br. 
American Woodbine. Lonicera grata. AU. 
Joneberry. Amelanchier Canadensis. Tarr. and Qraif. 
Hazelnnt. Corylas Americana. WaU. 
High Blackberry. Bubus tIUosub. AU. 
Bed Basperry. Bubus strigosus. Mkhx. 
Black Baspberry. Bubus occidentalls. L. 
Dwarf Wild Bose. Bosa lucida. Ehr. 
Pipe Vine. Aristolochia Sipbo. VHw, {f) 
Grape. Vitis cordifolia. I^chx. 
Virginia Creeper. Ampelopsis quinquefblla. MUhx, 
Nine Bark. Spiraea opulifolia. L, 
Sheep-berry. Viburnum Lentago, L, 
Staghom Sumac. Bhus typhina. L. (Bare.) 
Bittersweet. Celastrus scandens. X. 
Bose. Bosa blanJa. AU. 

The Geological Structure. 

The rocks of the coanty belong to the Deyonian and to the Up- 
per and Lower Silurian ages. The Cretaceous also appears in Sum- 
ner township, in the extreme northwestern corner of the oounty. 
They occur as arranged in the following order, with their approxi- 
mate thicknesses : 

1. Cretaceous. Thickness unknown, perhaps 100 feet, lying unconfbrm- 

ably on the older rocks. 

2. Upper Devonian. Hamilton. ^ • inn r f ? 
8. Lower DeYonian. Corniferou8.(?) J 100 feet. 7 

4. Niagara of the Upper Silurian S0O-2iM)feet. 

5. Maquoketa (Cincinnati) of the Lower Silurian *76-100 feet. 

6. Galena, of the Lower Silurian 75-100 Ibet* 

7. Trenton, of the Lower Silurian 160 feet. 

8. St. Peter, of the Lower Silurian 122 feet. 

9. Sbakopee, ^ ^ 75 feet. 

10. Jordan, > Lower Magnesian of the Lower Silurian, ) 25-40 feet 

11. St. Lawrence, ) C 200 feet... 

12. St. Croix, of the Lower Silurian, exposed 875 feet_ 

With the exception of the Cretaceous these formations have hme 
strike across the county northwest and southeast. They have aae 

• G«olog7 of WiBConsln, Vol. 1. p. IBl. 
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gentle dip, at least theoretioally, toward the southwest, though no 
general dip is perceptible. The oldest rock in the county is the St. 
Croix sandstone, which appears in the northeastern corner of the 
county. The latest, except the Cretaceous, is the Devonian, in the 
southwestern part of the county. The areas of outcrop are shown 
by the colored map of the county accompanying this report. The 
boundary between the Trenton and the St. Peter is the most accu- 
rately defined, owing to the terrace which marks it. The boundary 
between the St. Peter and Shakopee it is impossible to ascertain 
certainly, because of the universality of the loam, which acts, in 
that respect, just the same as a heavy drift deposit, and also be- 
•anse of the persistency of the Shakopee compared to that of the 
St. Peter. When the ftiable rock is below a hard and persistent 
one, as the St. Peter below the Trenton, the boundary between 
them can be traced out easily by the resulting topography ; but 
when the soft one is uppermost it wedges out imperceptibly under 
the loam, or drift, and one cannot say when it is all gone. In the 
western part of the county the boundary lines are all obscured by 
the prevalence of the drift The Maquoketa shales have not been 
seen in the county. They are visible in the bluffs of the Upper 
Iowa Biver, at Lime Springs, about three miles south of the State 
line, and very probably continue through Fillmore county, in the 

strike of the Lower Silurian. 

« 

The 8t. Oroix Sandstone. 

27ke area of the St. Croix sandstone is small. It only occupies 
the lower portion of the river bluffk, and the bottom land included 
between them, from the county line, near Bushford, to near Lanes- 
boro. This bottom land is sometimes two miles, or more, in width, 
bat it is an alluvial deposit, and never reveals the rock. The only 
visible outcrops are in the slopes of the blufb. This sandstone also 
enters the county, in a similar manner, in the valley of the South 
Branch of Boot river, and extends about three miles west of the 
oounty line. 

Its general lUhologieal character is all that can be learned of this 
Todc fh>m its exposures in Fillmore county. The opportunity for 
examination is very unfavorable. The bluflb, over the interval oc- 
cupied by it, are almost universally turfed, and a heavy talus rises 
nearly or quite to the lower level of the St. Lawrence limestone. It 
is in general a light colored sandstone, with alternations of lime- 
ikme, and some shale, in its upper portions. The sandstone layers 
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ornmble easily. Some of the bedfi are of a very ooarae grain, but 
the qnartz is generally white, almost transparent. The limestone 
layers are like that of the St. Lawrence, and contain a few fossils, 
none of which have been stndied yet with care saflScient for reliable 
specific identification. At Whalen, about 95 feet of the St. Croix 
sandstone are included in the lower slopes of the bluflb. This thick- 
ness of bedding disappears below the river level before reaching 
Lanesboro. At Bushford, the sandstone, and talus which is sup- 
posed to consist mainly of sandstone, rise 875 feet above the river. 
Near the upper portion of the sandstone, a conspicuous terrace or 
line of frequent exposure, producing a shoulder, may be seen along 
the creek in entering Bushford fh>m the south. 

The St. Lawrence Limestone. 

This is the lowest portion of the Latider Magnesian formation of 
Dr. D. D. Owen. In the annual report for 1878, the geology of the 
Minnesota Valley is given. It is there announced that the great 
formation to which the name Lower Magneeian has been applied, 
consists of three distinct members — ^two limestones separated by a 
sandstone— «nd the names of the localities where these members 
have their characteristic outcrops, in that valley, were applied to 
distinguish them, as they will play an important part in working 
out the detailed geology of the eastern portion of the stat^. Since 
the publication of that report, a similar subdivision of the Lower 
Magnesian has been discovered in the state of Wisconsin, and it is 
announced m the American Journal of Science and Arts, for June, 
1875, by Prof. B. Irving, of the University of Wisconsin. The 
count3f of Fillmore lies intermediate between the two points at 
which this similar alternation of parts in the Lower Magnesian has 
been identified, and may throw some light on the question of the par- 
allelism of these principal members. Fillmore county is separated 
from the Mississippi river by one county, Houston, which is 24 
miles in width, east and west, and boi*der8 on the state of Iowa. 

The area of this limestone is embraced in that which is, in gen- 
eral, assigned to the Lower Magnesian on the accompanying mi^. 
Along the river bluffs, nearly to Bushford, it is found only in the 
lower portion of the limestone belt, as the Jordan sandstone and 
Shakopee limestone are both preserved, and overlie it ; but toward 
Bushford this limestone begins to be the only one that is found in 
the bluff's, the other members of the lower Magnesian having a 
strike across the country some miles in either direction away fh>m 
the immediate valley. There are places, even ftirther east still, 
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where the overlying Jordan and Shakopee are preserved and appear 
in the tops of the river bloffs. The St. Lawrence extends in the 
blofb of the Root river to some distance above Isinours' Station, 
and nearly to the lower mill at Pi-eston. The valley of Watson's 
creek at Isinours' Station is cut about 25 feet into the St. Lawrence. 
At Lanesboro the amount of the St. Lawrence visible is about 195 
feet. At Whalen 155 feet are seen in the upper portion of Whalen's 
bluff. At Bushford the uppermost 190 feet of the bluffs are of the 
St. Lawrence. The thickness of the formation is not far from 200 
feet. It constitutes the principal portion of the Lower Magnesian. 

The St. Lawrence, in Fillmore county, is a dolomUic limeatoney 
with some of its layers distinctly arenaceous, and stained with green 
sand. In general, its bedding is regular and evident, but there is 
a thickness of about 15 feet near the bottom of the formation in 
which the bedding is confused, or the layers are lost horizontally. 
Below this confused bedding are, however, about 25 feet of regular 
beds, which have a fine even grain, and though not plainly arenace- 
oas, yet have a very fine grit. On fresh surfaces it is of a buff 
color, varying to cream color. The upper portion abounds in patches 
of white calcite. There are also in the upper portion spots that 
show thin, concentric, though wavy, laminations, as if from con- 
cretionary forces, or the result of silicified masses of foraminifers^ 
reminding the observer of the laminated masses of limestone from 
the Ldurentian containing the Eozoon Canadenae of Dr. Dawson. 
Though the most of the rock of this formation is vesicular, often 
coiirsely so, it is much used for building, for which it furnishes both 
large blocks for the heaviest masonry, and fine-grained stone that 
can be cut into delicate forms. When cut for window caps or sills 
the cut surfaces are nearly white. The bedding varies in thickness 
Arom two or three inches to two or three feet, and sometimes em- 
braces thin beds of shaly, light-colored, fine-grained rock that is 
oselesd for all purposes. 

At Clear Grit Mills, in the valley of Root river, the St. Lawrence 
begins to show a continious line of bare rock, in the river bluffs, 
mnning .along the lower dlopes, and causes a shoulder or terrace in 
the general descent. A quarry near the mill-dam shows about 15 
feet of even layers. Above these are the layers represented in the 
railroad cut near that place. These are light-colored, dolomitic, 
vesicular, abounding in patches of calcite with some chert, and 
siliceous concretions, the latter sometimes covered with limonite 
psendomorphous after pyrite. The annexed profile exhibits the cut 
and the materials exposed. 

5 



34 GEOLOOIOAL AND NATURAL HI8TOBT 



'JtaOroadCtit 
9 at 





OearOit. 



a.— Loess Loam, 8 fsst, red. 
6.— Drift GrsTsl, 4 fsst, red. 

c. Jordsn Bandstone, M feet, red. 

d, St Lawrence Limestone, 90 feet. 



At Whalen the St. Lawrence is finely ezpoBed in the bluff that 
stands in the valley about half a mile below the village. It has 
here been considerably quarried, and ftimishes a very good stone 
for buili^ings. It lies in even layers, which are easily broken into 
desirable size and shape, fhmishing a good out-stone of close grain, 
without openings. Of the 155 feet that here overlie the St. Croix 
sandstone, only the lower portion is well exposed. The exposed 
layers are separated from those seen at the quarry at Clear Grit by 
an interval of 50 feet. They consist of the following parts, aggre- 
gating 60 feet : 

1. Slope, hid by turf, (St. Lawrence) 96 feet. 

2. Heavy beds, even-grained, vesicular, the best general building 

stone 20 feet. 

3. Bedding conftised, not evident, lenticular 15 feet 

4. Fine grit, regular beds, dolomltic 20 feet 

5. Hard arenaceous, projecting, fossiliferoos with the remains of 

trilobites 5 feet. 

At Lanesboro the St. Lawrence has been used in the construction 
of the principal buildings. The quarries are owned by the Lanes- 
boro Company. The stone presents the usual characters, but has 
associated masses of pyrite, largely converted to limouite, showing 
octahedral forms of crystals, with combinations. In some of the 
cherty nodules, are found small orthorhombic crystals of hydrated 
iron peroxide, formed by the conversion of marcasite into limonite. 
This iron ore is quite plentiful, but seems not to be a native of the 
rock. It embraces crag and bog-ore deposits, and is referable to 
the drift period. (See under drift. ^ 
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The Jordan SandUone. 

This Bandstone, l3ring next above the St. Lawrence limestone, is 
not so frequently seen along the river blufi^. It is most commonly 
embraced in that interval of slope that comes between the two lines 
of limestone outcrop, and which is mostly turfed over, as in the 
blufib at Lanesboro, and at points between Preston and Lanesboro. 
Further down the river, where the strike of the Shakopee runs back 
from the river a few miles on either side of the valley, it occupies 
the undulating surface between the immediate river bluffs and the 
boundary of the Shakopee, as at Rushford. This sandstone, in the 
Minnesota valley, has been mistaken for the Potsdam, the overlying 
Shakopee being supposed to be the lower portion of the lower Mag- 
nesian. {Owen's Geological Survey of Wisconeiny Jotaa, and Jftn- 
n«so<a, pp. 481-495. See, also, Prof . James Hall's ^^ Notes ontJie 
ecology of some portions of Minnesotaj from St, Paul to the Western 
part of the State," 1865.) 

In Fillmore county the thickness of the Jordan is not so great as 
it is in the Minnesota valley. It seems to vary f^om 25 feet to 40 
feet. At Mankato, in Blue Earth county, it is fully fifty feet thick. 
It is uniformly a coarse grained, quartzose, crumbling and light 
colored sandstone. It is sometimes locally stained with iron from 
surface water, when it presents a reddish or rusty color, and is apt 
to be much harder. It has in such cases a shell or thin coating of 
harder rock, about half an inch in thickness, on the weathered sur- 
faces, on penetrating which the grains are loosely cemented, and 
even crumbling. In other places, it presents internally a streaked 
appearance, due to the stoppage of iron filtering through its strata. 
No fossils have been found in it. 

One of the best exposures for examining this sandstone may be 
seen at Preston, where it rises 25 feet above the level of the river 
opposite the stone mill, and is surmounted by about 35 feet of the 
Shakopee limestone. The bluff itself rises about 95 feet above the 
river, but the contents of the upper portion, though probably of 
the Shakopee, are not certainly known. The loam covers it. The 
bedding of the stone here is regular, though in some places a little 
wavy, and is of all thicknesses, from a foot to three or four inches* 

At Lanesboro the Jordan exhibits, near the top, a finely concre- 
tionary structure. The balls vary from a few inches to nearly a 
foot in diameter. Some of them are elongated, and several are 
firequently united. The rock itself is generably ftiable, and crum- 
bles out, leaving the concretionary shapes visible. They are often 
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looseDed, and roll down the blafi. They lie in approximate layers 
for a thickness of four or five feet. Some of them are pendant 
from the projecting shelf, and stud the whole under surface. They 
are generally spherical, but when they are lengthened perpendicu- 
larly, they show the original lamination that ran through the rock, 
in the form of rings and furrows. The accompanying view, en- 
graved from a photograph by Andrew Ellickson, of Lanesboro, 
gives an imperfect representation of this portion of the bluff. This 
view was taken near the mill dam, above the railroad cut. 
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At Clear Grit the Jordan is 25 feet thick, and is exceedingly fer- 
roginoos. At Lanesboro it is about 40 feet thick* 

The Shakapee LdnuUme. 



This is the appermost member of the Lower Magnesian, and is so 
named f^om the village of Shakopee, in Scott county, on the Min- 
nesota river, where it was first identified as a distinct and entire 
member of the great Lower Magnesian Formation. In Fillmore 
county it is more frequently seen along the valley of Boot river and 
its tributaries than any other formation. As it lies between two 
sandstones, each of which easily crumbles away under the operations 
of the elements, it is made to have a prominent position in giving 
form to valleys and river bluflb. 
The North Branch of Boot river en- 
ters on it about six miles northwest 
of Chatfield, in Olmsted county; 
the Middle Branch near the town 
line between ChAtfield and Jordan, 
and the South Branch but a short 
distance below Forestville. South 
Boot river strikes it near Henry, in 
Amherst township. Thus, through- 
out about two-thirds of the county, 
it is the constant companion of the 
traveler along the river valleys, and 
it meets him often in the uplands, 
and in the valleys of little creeks. ^ 
Its effect on the topography is to ^ 
render the valleys narrow, rocky ^ 
and abrupt. Within the general 
area of the St. Peter sandstone 
and the Trenton limestone, it pro- 
duces a shoulder in the descent 
from the uplands to the valley. 
The following diagram, taken at 
Chatfield on the northern bounda- 
ry of the county, illustrates in gen- 
eral the effect of this limestone in 
producing a terrace along the low- 
er slopes of the river bluffs, with- 
in the general Trenton area. 

The descent firom the general 
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level of the country at Chatfield (No. 1) to the river (No. 7) is 
about 222 feet, of which about 80 feet are of the Shakopee, the de- 
scent from the Shakopee to the river being at the river. The broad 
terrace on which Chatfield Btands Ib constituted of the Shakopee 
overlain by irregular thicknesses of the St. Peter, with some drift and 
loam. The lithology of the Shakopee is very much the same in 
Fillmore county as it has been described in former reports at Man- 
kato and Shakopee, in the Minnesota Valley. It is very similar to 
ibe St. Lawrence, with much less of green sand. It contains at 

Chatfield considerable disseminated 
sand, and nodules of calcite. The 
calcite is sometimes purely trans- 
parent, so as to exhibit the double 
refraction of Iceland spar, parting 
into large rhombohedrons, but the 
most of it is opaque. It is some- 
times interspersed with sand grains 
taken up in the process of crystal- 
lization. These are so abundant 
as to make, of some crystalline 
masses, a sandstoue which is then 
nodular and hard, with warty pro- 
jections. 

At Parsley's Ford, centre of sec- 
tion 15, Chatfield, a bridge is being 
built over the river, the abutments 
iffm o being of the Shakopee stone taken 

S ^^l I out near the ford, on Mrs. Doyle's 

^ .*m sfll ^ land. At the ford the river is on 

the Jordan sandstone. There has 

been considerable stone cut off the 

bluffis, in the Shakopee, for use in 

^g the railroad bridge near the same 

III J place, and laid up in heavy blocks ; 

IS ^2 but much of the Shakopee is in ir- 

pI^oq regular and thin layers, unfit for 

.|<N«^* such use. 

^ At almost any point east of Chat- 

field and Carimona, the Shakopee 
can be seen by one crossing the 
valley of Boot river, exhibiting its 
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peonliar tendency to narrow the valley, and forming a oonspicnoos 
bench or shoolder. The following diagram of a general profile sec- 
tion of the valley, illnstrates its form at points between Preston and 
Lanesboro ; also between Chatfield and Lanesboro, along the North 
Branch. At Preston the rooks show a dip to the sonth. 

At Isinoars* Station the battlements of rock that enclose the 
valley, rising about 80 feet above the water, are of the Shakopee. 
There is an nndnlating ascent thence over the St. Peter to near the 
Trenton terrace, which rises nearly perpendicnlar abont 50 feet. 
Beyond this is a fiat, running sometimes but 8 or 10 rods, but not 
infrequently a quarter of a mile, when a fhrther gradual ascent 
begins, covering the Green Shales and the Upper Trenton. This 
last ascent, with the loam that here covers the country, generally 
makes about 1 75 feet. 

At Carimona, the Shakopee is visible in the banks of the river, 
rising 25 or 80 feet. Its average thickness is about 75 feet. 

The St. Feter Sandstone. 

The thickness of this well-known formation in Fillmore county 
does not vary much from its reported thickness in the central 
portion of the state. It has been taken at 125 feet. At Chatfield, 
it measures, by aneroid, 122 feet. In lithoiogical characters it is 
also the same, consisting of clean white sand that easily crumbles. 
Near Fountain, an exposed section near the top of the formation, 
afforded fragments of an unknown species of Lingulepis^ the first 
and only fossil of any kind that has ever been found in this rock. 
The following section was taken at this place. It includes the over- 
lying lower Trenton, and the green shales, as seen at the quarry of 
Mr. Joseph Taylor, section 18, Fountain. 

Section Near Fountain^^Q^aTry of Joseph T\iylor. 

No. 1. Green shale, mixed with fragments of limestone that are 

eminently fossiliferons seen 8 ftet. 

No. 2. Limestone, of a blaish-gray color, in beds ttom foar to six 
inches thick, tree from shale, though the layers are 
sometimes thinly separated by shaly partings 10 feet. 

No. 8. Arenaceous and ferruginous shale, alternating horizontal- 
ly with firmly cemented patches of sandstone 2 feet. 

No. 4. Massive, coarse sand ; white, except where iron stained, 
containing irony qnartzite pebbles, and Aragile remains 
of bivalves..... 6 ftet. 
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No. 5. Green shale, with some arenaceous and calcareous lami- 
nations 8 feet. 

No. 6. Cemented sandstone, the cement being shale and lime, 

forming when the blnff is weathered, the floor of a bench 1 foot. 

No. 7. White sand, in beds that are aboat one foot thick, and 

horizontal • 6 feet. 

No. 8. A coorse in the sandstone more firmly cemented, forming 

another table, bnt less persistent than No. 6 1 foot. 

No. 8. MassiYe sandstone, in some places showing an oblique 

lamination seen 6 feet. 



The SoQthem MlDnesota railroad here enters on its descent to the 
Boot river valley. 

The species of LingiUepis mentioned is found in No. 4 of the fore- 
going section. The remains are exceedingly firagile, and as the 
grains of sand in which they are embraced are feebly cemented to- 
gether, it is nearly impossible to tran8{)ort, or eveii to handle them 
without- their falling to pieces. These fragments, for no entire spec- 
imens were obtained, are arranged promiscuously in the coarse sand, 
and are all confined within three feet of the top of No. 4. They 
seem to have suffered the attrition and friction incident to coarse 
sedimentary transportation. They dispel the idea, which has been 
suggested, of the possible chemical origin of the St Peter sand" 
stone, as an oceanic precipitate. 



Fio. 6. 





Lingnltpli Monansis. (Sf. sp.) Natural lise. 

Description. — Shell conical or elongate-conical, witii anterior an- 
gles rounded ; depressed ; the apical angle not seen perfect ; the 
flront margin gently convex ; sides nearly straight, but converging 
at an angle of about 26 degrees ; greatest width is near the Aront 
and at a distance ftom the anterior margin of one-third the greatest 
width. The surface is smooth and shining, marked with very fine 
concentric strise, visible especially in the anterior portion, and with 
more distant, dim undulations of growth. Entire length of the 
larger specimen seen (Fig. o.) about .85 inch ; width .52 inch ; length 
of the smaller (Fig. b.) .78 inch, width .45 inch. Color of the shell 
6 
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Extensive working and burning of the upper Trenton into qaick- 
lime is carried on along fiear and Deer creeks, the banks of which 
are continuously rocky, rising perpendicularly from one to two hun- 
dred feet from the water, in Sumner and Spring Valley townships. 
These quarries are described under the head of Economical Geology. 

Sometimes the Trenton shows, on fl*eshly opened quarries, along 
the bluflb, almost a white oolor. This is particularly the case on 
north half of section 85, Sumner, where an opening in a long-weath- 
ered ''hog's back" reveals a very light-colored limestone, in beds 
of about three inches, of a fine ox^in and compact texture ; not 
much crystalline, and evidently impure with argillaceous and sili- 
ceous qualities. » 

The quarry of Mr. Joseph Taylor, section 13, Fountain, has been 
mentioned already under the head of the St. Peter sandstone, and 
the exposed section given. At this quarry very large cephalopods 
have been taken out, and some fhigments of galena have been en- 
countered, though the opening is in the lower Trenton. 

The quarry of Mr. Enocli Winslow is on the same horizon as Mr. 
Taylor's. It is situated on the bank of Sugar Creek, S. W. ^ sec. 
4, Fountain. Another on the same horizon is that of John Johnson, 
2 miles south of Fountain. The Trenton is also wrought at Forest- 
ville and near Carmiona, presenting no exceptional features. At 
Forestville it contains BeceptaculUea and Strophomenay and exposes 
a thickness of about 140 feet. 

The Upper Trenton appears S. E. i sec. 6, Forestville, along a 
little ravine, and is slightly opened by John Hipes. It also appears 
at other points between there and Spring Valley. 

At Baldwins' Dam, sec. 21, Forestville, ISO feet of the Trenton 
are seen. No Galena visible, and no Green Shale. 

S. E. } sec. 30, Forestville. In some fragments thrown out in 
the digging of a well, can be seen a fine grained rock, resembling 
the fine shale seen in the race at De For's mill, which crumbles to 
pieces in the weather. It here lies below some heavy Galena beds, 
seen in the hills enclosing the valley, and contains doubtfUUy spe- 
cies of Oraptolitesy Orthis^ and Orthonota, 

At Granger, the Trenton only occupies the bluffs ; but at two 
miles west of Granger, where the river enters the state for a short 
distance, the bluffs are high, and are made up of the Trenton, with 
a topping of fifteen or twenty feet of Galena. 

Northwest quarter of section 36, Bristol. Hiram Andrews has a 
quarry in the Trenton, which alone occupies, at this place, the river 
banks, though the beds of the quarry are apparently in the upper 
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portion of the formation. The layers are thicker than asaal, some- 
what vesicular, and present some of the aspects of the Galena. The 
rock shows a slight dip to the soath. Mr. Andrews has bailt a stone 
bam and^ stable. 

The Galena Limestone. 

The only separating horizon between the Trenton and Galena 
limestones is a lithological change in the rock. There is no uncon- 
formability between the layers of the formations, and there is no 
known difference of fossil contents. Near the upper portion of the 
Trenton occasional layers appear that are much more porous, and 
have a light buff color. They are also much heavier than the layers 
of the Trenton, reaching, after the change is fully established, a 
thickness of four or five feet. Mingled with these heavy magnesian 
layers are thinner layers of green shale. When these heavy mag- 
nesian beds are near the top of a bluff, they give it a roughness, 
bat at the same time a persistence of outline which the thinner beds 
of the Trenton alone do not possess. This rock is generally sharp- 
ly crystalline. It contains numerous cavities of irregular shape, 
some due to the weathering out of carious material, and some to the 
absorption of fossils It holds considerable masses of calcite, and 
sometimes lumps of galena, from which it has derived its name. Al- 
though the Galena limestone, near Dubuque, in Iowa, is stated by 
Prpf. J. D. Whitney to be about 250 feet, TGreologv of Wisconsin, 
vol. I, 172,) it enters Minnesota with a thickness much less 
than that. From all that can be seen of it in Fillmore county, it 
appears to be less than 100 feet thick. The Trenton, on the other 
hand, is given, by the same authority, at 70 feet average thickness, 
at Dubuque, while it has a thickness of 160 feet in Fillmore county. 

The characters that distinguish the Galena are not constant. In 

Fillmorv. county the '' lead fossil," Beceptaeulites^ pervades the 

Trenton as low as the green shale, at least — although regarded as 

characteristic of the Galena ; and the Lingula quadrata^ also said by 

Prof. Whitney to not appear in the lead region, in the '^ blue" nor 

the ^* buff," is found throughout both. A very fine specimen was 

obtained, of th^ latter, at Mr. Taylor's quarry, near Fountain, from 

the lower Trenton, (" buff limestone" of Prof. Whitney,) and another 

from Chatfield, from the same horizon. Lithologically also the two 

formations appear to merge into one another. The compact, hard 

bine limestone, characteristic of the Trenton, gives place near the 

top of that formation, to a lighter colored, slightly vesicular, even 

grained, more heavily bedded rock, that is very useful for an orna- 
7 
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ter section 86, where it has been opened, as at the other points 
named, and used for mortar. These are situated in an undulating 
tract, with some shrubs and trees. These sand beds are not regard- 
ed as belonging to the Cretaceous rock in sitUj but as being copious 
local products, under drift agencies, of the Cretaceous. Sometimes 
they embrace lumps of clay, of a greenish color, like the Fort Ben- 
ton, and sometimes they show oblique stratification. They are en- 
tirely uncemented, so as to be shoveled directly into the wagon. 
Another singular deposit, in the same manner referable to the imme- 
diate presence of the Cretaceous, occurs on the southwest quarter 
section 15, Bloomfield, land of Peter Peterson. Here a series of 
knolls, which embrace, indeed, that in which is Mr. Andrew Mo- 
Nee's white sand pit, and are covered with aspen and hazel brush, 
are found, many of them, to be composed of a beautiftil, coarse 
gravel, the greater part being white, often limpid, quartz, the size 
of the pebbles varying from that of a pea to that of a hazelnut. On 
these knolls are a few northern drift boulders, and no doubt the 
gravel was also placed in the position it now occupies by the drift 
forces. This gravel, so remarkably homogeneous, like the white 
sand deposits mentioned, can only be referred to the immediate 
proximity of the lower Cretaceous. It could not have been far 
transported without being mixed with other rock material. It dis- 
tinctly points to the existence of a coarse gravel or conglomerate in 
the lower Cretaceous, which has not yet been discovered. It indi 
cates also the littoral nature of the Cretaceous beds f^om which it 
was derived. 

a 

There is still another indirect evidence of the existence of the 
Cretaceous in the western portion of Fillmore county. There are 
heavy deposits of limonite iron ore, bearing some unascertained re- 
lation to the Cretaceous, or to the drift found in the southwestern 
part of the county. In the Second Annual Report of the Survey 
mention was made of the occurrence at a number of places in the 
Minnesota Valley, and in that of the Blue £arth, of a coating of 
iron ore on the Lower Silurian rocks, where they are unconformably 
overlain by the Cretaceous. Dr. Shunard says of this: {Owen's 
OeologiccU Survey of Wisconain^ Iowa and Minnesota^ page 487.) 
'^The nodules of iron ore have mostly a concentric structure, and 
appear to be of good quality. The superficial indications render it 
probable that this bed of iron ore may be both extensive and easily 
accessible." In Fillmore county a discovery was made by Mr. C. 
C. Temple, in digging a well near his sand pit, already described, 
and referred to the Cretaceous as its probable source, which throws 
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some light on the manner of occarrence of the limonite referred to. 
He teatifies that this bed of iron ore is at least thirty-six feet in 
thickness. In his well, which is six feet circalar at the top, he dug 
down aboat eighteen feet, when he reached rock, fhigments thrown 
oat revealing the Galena limestone. He describes the rock as oc- 
oapying but about one-half of the diameter of the shaft, he was dig- 
ging, which afforded great quantities of soft limonite, or ochre. 
He drilled into the iron ore a depth of thirty-six feet. A number of 
wells in the vicinity of Etna, a few miles farther southeast, also 
Btnick a similar iron ore. On section 86, Bloomfield, a great many 
looAe pieces of porous limonite are found in the fields, having been 
plowed up in the soil. The county surveyor, Mr. J. Gregor, also 
found it impossible to lay out the quarter sections of that section 
in the usual manner, by the use of the magnetic needle, though the 
original United States surveyors record no unusual disturbance of 
the magnetic needle. Limonite iron ore is regarded usually as non- 
magnetic. In large quantities, near the surface, it seems to infiu- 
ence the magnetic currents. What relation this ore bears to the 
Cretaceous is not known, except that it has been found to overlie 
the Silurian rocks, or to cover their surfaces with a scale where the 
Cretaceous overlies them unconformably. Further and more min- 
ate observations in other places may reveal its real source and its 
value. The reader is referred to the Second Annual Report for an 
account of the Cretaceous over the Lovoer Silurian at ManSato, in 
the Valley of the Minnesota. 

The Drift. 

The drift presents some interesting features in Fillmore county 
The western limit of that well-known tract denominated The Drift- 
less Area^ by Prof. J. D. Whitney, crosses this county. This bound- 
ary is not well-defined. There is a very conspicuous absence of 
the bluish clay, and the northern boulders that distinguish the ^true 
northern drift sheet of counties fhrther west and north, throughout 
the eastern two-thirds of the county ; the boundary line running ap- 
proximately, Arom the southeast comer of Bristol township to the 
northeast comer of Jordan. West of that line, which is modified, 
in its course, by valleys and uplands, is a belt of five or six miles 
in width, which is characterized by an overlapping of the loess 
loam on the thinning out edge of the drift sheet. This belt is 
characterized fhrther by peculiar local modifications of the mate- 
rials of the drift, due to the underlying rock, as mentioned under 
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the head of Oretaceoua. West of this belt the tnie drift becomes 
prevaleot, consisting of clay, with many boulders. 

That tract which is regarded as driftless,* is, so far as Fillmore 
county is concerned, not without some evidences of having been 
subjected, at some time, to a force similar to that which is supposed 
to have deposited the great drift-sheet of the northwest. There 
are isolated patches of gravel, with small stones, sometimes ce- 
mented into a crag, which have been noted in Fillmore county, 
scattered sparingly over the eastern part of the county, as the fol- 
lowing field minutes will show : 

Drift pebbles are In the street, north of the schoolhoase, soathwest quar- 
ter section 22, Amherst. 

Drift occars in the form of gravel and boulders, some of them a Ibot in 
diameter, soathwest quarter section 4, Foaotain, on the east bank of Sugar 
Creek, in the road ; seen in going east from the quarry of Enoch Winslow. 
At Foantain village there is said to be no drift between the loess loam and 
the rock. 

A little drift may be seen at the Tunnel mills, section 34, Sumner. « 

There is a little fine drift visible along the road, southeast quarter section 
25, Sumner. 

At Chatfleld there is some gravelly drift, with small boulders, visible in 
the street, near the millrace. 

Drift, with pebbles and stones, appears about a mile south of Clear Grit, 
on the Shakopee terrace along the highway. 

Also on the road to Carimona, near Preston. 

Abont midway between Preston and Carimona, a wash by the roadside 
revealed— 

Loam 8 feet. 

Gravelly, red loam 8 feet. 

With no distinct separation, a few small bonlders lying in the water course 
below. 

At Carimona a thin layer of drift is usually found under the loam. 

The same is true at Forestville. 

At Spring Valley the drift is so prevalent that the surface of the country Is 
smooth, and has a lighter colored soil, with much more clay. There are 
but few stones or gravelly patches. The loess loam is hardly noticeable. 
One large boulder lies at the street comer, half a mile south of the corpo- 
rate limits. 

Between Baldwin's mill, section 21, Forestville, and the state line, due 
south, the country is one of drift prairie, nearly the whole distance, with 
stones and boulders, some of the latter pretty large. 

At iBtna, section 36, Bloomfield, among a variety of stones pertaining to 
the drift, may be seen an occasional one that is glciciated. 



•J. D. Whitney, Geoloipr of WiBCODSin, Vol. 1, pages 114-139. 
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At Lime Springs and Foreston, a few miles south •f the state line, on the 
Upper Iowa river, the drift is abundant. 

At Qranger there is a light drift, and also where the road turns north to 
Preston, northeast quarter section 86, Bristol ; but it becomes lighter still 
or entirely inylsible, in traveling to Preston. In its place a heavy, rich 
loam, rather clayey, covers the country, and smooths it off almost as effect- 
ually as if drlftHBovered. A weU, being dug about five miles south of Pres- 
ton, on the high Trenton area, passes through this loam eighteen feet be- 
Ibre striking the rock. 

The drift is very thin at Lenora, if not entirely wanting. 

About four miles southeast of Preston a large green, diorttic boulder may 
be seen lying in the loess loam, in the road, and a red quart^ose pebble. 
The pebbles that appear in gullies by the roadside, in the loam area, are 
generally of chert, Arom the rock of the locality. It cannot be ascertained 
whether this dioritic boulder lies on other drift deposits, but it is surrounded 
Iftterally only by the loam. 

At Elliota is a thin drift, in the form of pebbles, the largest being three 
or four inches in diameter. Thence northeastward to Newburg nothing but 
the yellow loam is observable. Between Newburg and Biceford, situated on 
the western edge of Houston county, no northern drift is visible ; but at 
Bicefbrd, which lies in a deep and narrow gorge, a few drift pebbles occur 
in the street. 

About the center of sec. 29, Holt, is a deposit of drift gravel. It may be 
seen in descending the hill northward, Just before the road forks to Whalen 
and Lanesboro. It is considerably cemented by lime, forming a crag, large 
lumps of which, some 18 or 20 inches thick, have been used fbr embank- 
ment on the lower side of the road. In some parts it is quite fine, and use- 
fhl fbr mortar, for which it has been hauled away. It is at least ten f&et 
thick. 

There are boulders in the valley of Duzbury creek, sec. 28, Preston. 

Sec. 19, Pilot Mound. In the road going to the river flrom the south, are 
a lot of boulders and other drift. The same can be seen on the north side, 
going up ttom the ford. The deposit seems to be five or six teet thick, 
gradually mingling with, and finally becoming replaced by the loess loam. 

Drift gravel and stones are seen along the road in going down the hill to 
Isinours, ftrom Preston. 

Drift pebbles and clay occur at the crossing of Watson's creek, on the 
direct road between Fountain and Preston, and on the terrace of the Shak- 
opee limestone, a quarter of a mile south of the creek. 

Boulders are seen at Spring Valley, and on Mr. Kleckler's ftirm, two and 
a half miles east of Spring Valley. 

An occasional boulder is seen in the river valley at Oeiner's MiU, sec. 81, 
Jordan, but the most of the surfkce covering on the rock, in the high prairie 
region, seems to be of loess loam. 

East of Highland P. O., in Holt township, sec. 86, is a conspfcuons deposit 
of drift, exposed in the road, in the form of a stony gravel. It lies on the 
brow of the Shakopee terrace. 



It is noticeable that in nearly every inatanoe where drift pebbles 
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occur in the region known as driftless, they lie on or are very near 
an outcrop of firm rock. They frequent the brows of the terrace 
formed by the Shakopee limestone. The above named localities are 
nearly all embraced within the boundaries of the driftless tract, as 
already defined in Fillmore county. These patches of northern 
drift present the appearance of greater age than the drift of the 
western portion of the county, and are beiieved to belong to a gla- 
cial epoch that preceded the epoch that produced the great drift 
sheet of the northwest. An ^^ interglacial epoch" separated them. 
It was probably during that interglacial epoch that grew the peat 
and coniferous vegetation that has been found in considerable 
abundance embraced within the great drift sheet, (or at least below 
fifty feet of drift materials) round its outer margin, as mentioned 
already in a report on Mower county, and as further demonstrated 
in Fillmore county. It is this older drift that is covered deeply by 
the loess loam, and it is within the loam'^sovered portian of the eounty 
that true river terraces^ of alluvial composition^ are found. (Com- 
pare Geology of Ohio^ Vol. 11.^ Bepori on Delaware County.) 

Ancient jPeat and Vegetation in the Drijt Deposite. 

Owing to the great geological interest connected with the discov- 
ery made last year of a peaty bed within the drift deposits of 
Mower couuty, a careful search was made in the survey of Fillmore 
county for further information concerning its origin and exact re- 
lations.* There were found to be quite a number of places in the 
western portion of the county where farmers, iu digging wells, had 
struck this bed of vegetation. No opportunity has been afforded 
to make a personal inspection of this bed, and owing to the indefi« 
niteness of the information derivable from the farmers themselves, 
and its contrariety, it is thought best to give only the statements of 
Mr. Calvin E. Huntley, of Spring Valley, a professional well-driller. 
Throughout the whole of the county there is much difilculty in ob- 
taining ready water for farm and domestic use, and a great many 
wells are drilled deeply into the rock. This is owing to the ca- 
noned character of the rock surface, both within the drift area and 
the loam-covered portion. These canons serve as subterranean 
drains, though they are generally filled with drift in the western 
part of the couuty. Mr. Huntley furnished the following facts 

« For further Information on the snbject of vegetation In the drift deposits of the north, 
west, the reader Is referred to a paper by the writer In the Proceedings of the American 
AssodaUon for the Advancement of Science, 1876, Detroit meeting. 
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oonoemiog this bed of vegetation. Some of these localities are 
within the limits of Mower county : 

Northwest quarter section 6, Beaver. Land of Andrew Oleson (Early.) 
It was found here at the depth of thirty feet, situated on a ridge in prairie 
country. It was two or three feet thick, and had a blue day both above and 
below it —then struck a lime rock. 

N. B. i sec. 12, Le Boy, Mower county. Land of D. B. Bosworth. This 
was also on a high ridge, with blue clay above and below it, and lay at the 
depth of about 26 f oet below the surflace. It had a depth of seven feet, and 
eootained ** decayed stuff, like pressed hay." 

K. E. i sec. 1, Le Roy, Mower county. Land of Ole Knatson (Stoley) : 
ft>und at the depth of thirty feet ; five feet thick ; blue clay above and two 
feet of black clay below ; then lime rock. 

Sec 80, Bennington, Mower county, on land of Qents Everson. This is 
situated on a flat, and was found Arom 80 to 82 feet below the surface. It 
was three feet thick, and lay below blue day. Below it was gravel to the 
thickness of eight feet, when the well struck lime rock. 

S. E. i sec. 9, Bennington, Mower county ; land of John Mehan. It here 
had blue clay both above and below it, and a thickness of two feet. It 
lay at the depth of twenty feet. The underlying blue clay was gravelly. 

It was met in the same town on Bobert Cooper's land, at the depth of 
twenty-five or thirty feet. It was here on a very high ridge. It was in a 
bine day, with gravel both above and below. It was here three or fbur 
feet thick. This well was abandoned on account of quicksand. 

On the slope, northeast Arom Mr. Cooper's, it was reported to have been 
met with at the depth of six or seven feet firom the surflice, on the land of 
Mr. Bass. 

Sec. 2, Sumner. Land of Wm. Bailey : met a deposit which was embraced 
between layers of what was then supposed to be lime rock. This deposit 
was two feet thick, and consisted entirely of wood. Bock was struck at 
the depth of eight feet. This wood was thirty-five feet below the sar&ce. 
The owner called the rock '' grindstone rock." (This was probably the 
Austin sandstone, of the Cretaceous, and the wood a lignite belonging to 
same age.) 

N. part of sec 28, Spring Valley ; land of A. B. Hutchinson. An irony 
deposit, having an unknown thickness, was struck at the depth of thirty- 
five feet. 

This was also met in the central part of Bacine, on the ftirm of D. Beed, 
at the depth ol twenty-five or twenty-six feet, having a thickness of two 
or three feet. It came up in chunks which glistened, and looked like iron 
ore* 

Under the head of Cretaceous the reader will find ftirther state- 
ments concerning this iron ore. Two miles west of Spring Valley, 
on the land of O. H. Rose, Mr. Leonard made an observation on a 
deposit of surface crag. This he found abundantly cemented with 
iron, lying on a sloping sorface, covering twenty-five or thirty 
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square rods, rendering the land unfit for caltivation, in the vicinity 
of no rock blaff, and on a prairie coontry. Iron ore was thrown out 
of a well S. W. i sec. 24, Bloomfield. It was said to have come 
oat in chanks, and to be as heavy as iron. It rises to the snrface 
and a plow cannot be passed through it. This is owned by Geo. H. 
Smith. Again on H. T. OdelFs land, section 86, Bloomfield, it is 
found in scatterei lumps variously mingled with the soil, and with 
other stone. These surface pieces are impure, and often hold ce- 
mented gravel and pebbles. They are also loose and porous, and 
pass into ocher. Similar pieces occur on section 1, Beaver, land of 
O. A. Boynton. 

Wood was taken from two wells in Jordan township, sections 29 
and 80, on land of M. Bobbins and G^. Hare. This is also on a 
high prairie. In Mr. Hare's well was said to have been a tree. 

WeUs. 

In order to study fdrther the thickness of the drift, and its lat- 
eral extent in the county, a great many observations were made on 
the phenomena of common wells, and the tabulated list herewith 
appended will give the results of some of those examinations. It 
has already been said that there are a great many subterranean 
streams, especially within the area of the Trenton limestone. Some 
of these streams gush out along the river bluffs, and give rise to 
copious springs. Wherever there is an open rock structure, which 
is not imperviously covered by the drift or by the loam, it acts to 
receive the surface water and to allow its passage along lower levels 
to the main riier valleys. This necessitates the drilling of a great 
many wells which penetrate in the rock to a depth, sometimes, of 
'two or three hundred feet before reaching water. 
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The price charged by Mr. Huntley, of Spring Valley, for drilling 
wellSy is one dollar per foot the first fifty feet, with twenty-five cents 
per foot added every ten feet thereafter. Messrs. Sands ATousley, 
Amherst, receive fifty cents per foot before striking the rock, one 
dollar and twenty-five cents per foot for the first twenty feet in the 
rock, and add twenty-five cents per foot every ten feet. 

27^ Lae9s Loam. 

The greater portion of the county is covered with this loam. It 
contains no gravel or boulders, or ?rith very rare exceptions, bat 
consists almost entirely of fine siliceous material which becomes in 
some places quite clayey, making a very slippery mud when wet. 
This in outward appearance is of a light, yellow or rusty color, and 
differs in that respect from the loam seen on the drift-covered por- 
tion of the county, which is frequently black, or brown, varying 
to an ash color when mingled with a considerable per cent, of clay 
from the drift, and also contains gravel. The loess-loam is very 
homogeneous over wide tracts, while that in the drift area is subject 
to local and sunden variations. The loess-loam is indistinctly 
stratified, especially in the valleys, but the usual i^[>pearance is that 
of non-stratification. This stratified arrangement is rendered the 
less evident from the great similarity of the materials from the top 
to the bottom. It does not consist, apparently, in any change fh>m 
coarse to fine in the sedimentation, but in a XaminaJtUm of the 
homogeneous clayey, loam, and is easily obliterated by exposure, or 
by trickling water. This condition was noted particularly at Pres- 
ton, and indicates that it was deposited in still, or gently moving, 
water. Where this loam lies over the old northern drift, it pass 
through a gravelly stage, the materials of the loam mingling with 
the coarser portions of the drift, and becoming finally replaced by 
the drift. The drift patches covered by this loam, pertaining to the 
eastern and central portions of the county, and believed to belong 
to an earlier drift epoch, are, so far as seen, made up of gravel and 
sand, with small stones. No drift clay, like that which covers the 
western part of the county, has been seen overlain by the loess- 
loam, except that which pertains to the general drift sheet of the 
northwest, and which occupies a narrow belt of 5 or 6 miles wide, 
where the loam overlaps the later drift. It would be reasonable, 
however, to expect that some such clay would be found. The 
pebbles that are thus mixed with the lower portion of the loam are 
smooth and waterworn, not covered with a coating of decayed 
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material of the same nature as the pebbles themselves, as they 
woald be expected to be if the loam were derived from the decay, 
in Hhf, of the materials of the drift. The thickness of the loess- 
loam sometimes reaches twenty feet in the open apland, and, ander 
favorable circumstances, where it might have accumulated laterally, 
as well as perpendicularly, it is much more. It is tickest in the 
eastern part of the county. 

AUuvicd Terraces, 

I 

At Preston, besides the flood plain, the river has a high terrace- 
plain. The Stanwix House stands on it. It consists of loam un- 
diatinguisbable from the loess-loam that covers that portion of the 
county. The same may be seen at Lanesboro, and at Whalen, but 
it is not conspicuous. At Rushford fragmentary remains of this 
high terrace are seen in the valleys of the tributary streams. Along 
the main valley they are not well preserved. There are two terrace 
levels, besides the fiood-pUin. The highest terrace plain is from 
70 to 80 feet al>ove the second, and about 180 feet above the river. 
The lower terrace, on which Rushford stands, is about 40 feet above 
the river, and is probably never reached by *the river in even the 
highest water. Within this lower terrace-plain, which spreads out 
laterlly and forms the most of the alluvial land between the rock- 
bluffs, is the river channel, and a still lower flood-plain about 20 
feet above the river at low stage. A similar high terrace is seen 
along the Mississippi river at Winona, in Winona county, rising 
about 95 feet above the river, while the fiat on which the city of 
Winona stands is about 25 feet above the river at the boat landing, 
in low stage of water. At Rushford and Winona the high terrace 
consists of a material different from the loam that overspreads the 
country, being made up of stratified sand. This terraced condition 
of the valleys of Root river, and of the Mississippi, is confined, so 
far as observed, to the loam-covered area, which nearly coincides 
with the '^driftless area," as defined and described by Prof. 
Whitney. 

Material Besourcee — Fud, 

In addition to the products of the soil which will always be her 
chief source of material wealth, Fillmore county cannot expect 
nny important mineral discoveries to augment her material pros- 
perity. She bias a good supply of forest for purposes of common 
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fUelf and will.^.not suffer frpm the absence of ooal, as some of 
the counties fhrther west have suffered. She will have to dq[>end 
on her native forest trees, or on those that are being propagated 
successfhlly, for the most of her home fhel supply. There is as 
marked an absence of peat in this county as there is in Mower, but 
a single locality being noted. That occurs on S. £. ^ sec. 26, Spring 
Valley, land of John Kleckler and David Broxlem, and is eaid to be 
about four feet thick, covering four or five acres. There is no doubt 
but other, isolated, small areas, of a turf-peat, also exist in the 
county, but the circumstances which promoted the production of so 
large a surface of peat in Freeborn county, are certainly wanting in ' 
Fillmore county. The frequency of lakes and swamps, and abund- 
ance of peat, coinciding as they do in Freeborn county, taken with 
the absence of both in Mower and Fillmore, point to the existence 
of a common cause for these surface features. 



Iron. 



Throughout the western portion of the county there is a great 
deal of surface iron, manifesting itself generally in the form of a ce- 
ment in gravel, forming a dark-colored crag. There is also much 
evidence of the existence of a heavy continuous layer or deposit of 
limonite iron ore a few feet below the surface, in Bloomfield and 
Beaver townships. The details of these localities, and of the evi- 
dence of iron, so far as ascertainable, have been given under the 
heads of Cretaceous and Drift. Should this bed prove to bQ exten- 
sive, its actual value for commercial purposes may vary greatly 
from its intrinsic value. It consists of a loose-textured hydrated 
peroxyd, with ochery impurities, and bears a close resemblance 
to some bog-ore deposits ; but its occurrence on high land, instead 
of in swamps, necessitates some other explanation for its existence 
than that ascribed to the occurrence of most bog-ore deposits. It 
may have originated during that swampy condition of Southern Min- 
nesota when the peat grew that is embraced in the drift deposits, as 
already detailed. It is not probable that it will ever be found val- 
uable tor the manufacture of iron. Before the opening up of the 
vast, and richer, iron ore beds of Michigan and Missouri, the bog- 
ores were considerably used in the production of iron, on a small 
scale, in several of the western States, but the small furnaces that 
smelted them have all ceased operations many years ago. Another 
obstacle to the utilization of this deposit in Fillmore county, will be 
the lack of fuel in convenient and sufficient quantities. 
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Lead. 

While the Galena limeatone, which is eminently lead-bearing at 
Dubaqae and Galena, passes, in its northwestern trend, across the 
southwestern portion of Fillmore connty, it has not been discovered 
to aflbrd the same amount of lead as in Iowa and Illinois. Indeed, 
at points more remote from the Mississippi river, in Iowa, no re- 
markable deposits of lead have been obtained from it. There is not 
a total absence of lead from its layers, since a few localities are 
known to have afforded it in limited quantities. The same is true 
of the lower Trenton ; which seems to indicate that the presence of 
lead in the limestones of this region does not depend on the kind or 
age of the formation, but rather on some later, superimposed condi- 
tions that prevailed over the region, subjecting various formations 
to the same influences. 

QaicMime. 

All the limestones of the county are suitable for quicklime, but 
by far the greater quantity is made from the upper Trenton. In the 
townships of Sumner and Spring Valley, all the circumstances ne- 
cessary for the cheap and rapid production of quicklime of the best 
quality co-exist, viz. : a suitable limestone, abundant exposure, and 
plenty of fhel. The Trenton there forms some of its characteristic 
outcrops, constituting the blufih of the streams continuously for 
many miles, and rising a hundred or a hundred and fifty feet above 
the valleys. The kilns are built at the foot of the blufl, and the 
stone is cheaply obtained, without much cost of transportation. 
Wood is also abundant at present, much of that portion of the coun- 
ty being covered by a heavy forest gi'owth. 

The following list of lime-burners, with their localities and esti- 
mated production for the year, will give some idea of the extent of 
the business now carried on : 

Palmer and Miller, Bear Creek, three kilns 2,000 bushels. 

N. E. Fetterly , Bear Creek, three kilns 5,000 bushels. 

L. G. Odell, Bear Creek, three kilns, (one draw-kiln) 6,000 bushels. 

Charles Gorton, Bear Creek, one kiln... 1,000 bushels. 

Allen Brothers, Bear Creek, one kiln 1,000 bushels. 

J. Finley, Bear Creek, one kiln 2,000 bushels. 

Isaac Kegley, Bear Creek, one kiln 600 bushels. 

Lem. Stout, Bear Creek, one kiln 2,000 bushels. 

T. J. Hammer, Bear Creek, one kiln 2,000 bushels. 

Slder Cyrus Young, Bear Creek, two kilns Not in use. 
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Harvey McQoillaii, Bear Creek, two kilnB Not in use. 

Olds and Braley, sec. 9, Spring Valley, one kiln 9,000 boshels. 

I. N. CmnmiDgs, sec. 11, Spring Valley, one kiln 

J. H. Hall, sec. 12, Spring Valley 3,600 bosbels. 

These all burn the apper Trenton, and there is no noteworthy dif- 
ference in the quality either of the rock or of the lime produced. 
According to the testimony of several, however, there are certain 
layers, near the bottom of the formation, which are not suitable for 
quicklime. Some layers also are arenaceous, and have to be avoid- 
ed, but the great mass of the rock is exceedingly well adapted to 
making quicklime. 

The kilns used are, for the most part, of the rudest construction, 
presenting no improvement over the ancient and well-known ^^ pot- 
kiln." They have to be emptied and refilled for every burning. Mr. 
L. 6. Odell has the only draw-kiln seen in the county. In this part 
of the county, mixed wood sells for two dollars or two dollars and 
fifty cents per cord. The average price of lime is twenty-five cents 
per bushel, but it fluctuates fh>m twenty to forty. In July, 1875, 
it was selling for twenty cents ; but in September it brought forty 
cents. The lime itself is generally nearly white after being burnt, 
but in some places it has an ashen white color, though on slacking 
it is always white. It slacks with rapidity, evolving considerable 
heat. It requires from sixty to seventy-two hours to burn a kiln, 
depending on the size of the kiln, and somewhat on its siiape, and 
consuming about ten cords of dry mixed wood. When freshly and 
thoroughly burnt, one bushel by measure weighs about 75 pounds, 
but if not well burnt, it will exceed 80 pounds. ^^ Delivered at 
Spring Valley, by weight it is sold at the same price as by measure 
at the kiln." When shipped from Spring Valley it generally goes 
west, to points along the Southern Minnesota railroad, and is known 
as Spring Valley white lime. 

Throughout the county, where the Trenton limestone i^pears, 
there are other lime-kilns that supply the local demand. The fol- 
lowing were noted : 

At Carimona, by William Benslow. 
At Forestville, by Frank Turner. 
At Chatfield, by Dennis Jacobs. 
Sec. 85, Carimona, by Mr. Bollins. 
Sec. 25, Canton, by Simon Honck. 

The Shakopee is not used for making lime in Fillmore county, 
though it is extensively burned in the lower Minnesota valley, at 
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Mankato and at Shakopee, The St. Lawrence limestone is some- 
what employed for this purpose, and affords a lime that is nearly 
white, and is said to weigh 80 poands per bashei of measore. At 
Lanesboro this lime sells at $1.25 per barrel, or fifty cents per bush- 
el, wood costing five or six dollars per cord. Mr. Sherman's kiln 
holds about 300 bushels, and requires 10 to 11 cords of wood for 
tlioroQgh calcination, burning about 48 hours. But little is shipped 
flpom here. The lime is alK>ut white, and slacks perfectly white. 
Tlie following list embraces all known kilns that are run fh>m the 
St. Lawrence : 

At Lanesboroi bj B. Shennan. 
At Lanesboro, by Moses Greer. 
At Lanesboro, by Mr. Butler. 
At Bushford, by Jos. Otis. 
At Bnshfbrd, by Wm. Crampton. 

Brick. 

There is no lack of materials for making common red brick. In 
some places the surface of the drift clay is used, containing some 
fine gravel, and at others the loess-loam. Brickmaking machinery 
was met with in the survey of the county at the following points : 

Sec. 20, Spring Valley, J. W. Smith. 
ForestviUe, Michael Shields. 
Preston, Franklin Coleman. 
Lanesboro, Thomas Dunsmore. 
Chatfleld, Wm. Stafford. 
Lanesboro, W. H. Roberts. 
Rnshibrd, Ole Toff. 
Granger, (formerly,) Mr. Ferris. 
Peterson, . 

Chld^ Copper. 

In small quantities gold has been washed, by rude methods, fh>m 
the drift at several points in the county. It was found on Luke 
Hague's land, in gravel, northeast quarter section 26, Spring Val- 
ley, and at Teariton's saw mill, section 81, Jordan. There are ac- 
counts also of fragments of native copper having been found in the 
drift. It is hardly necessary to say that these discoveries do not 
indicate any valuable depoeit of the kind in the rocks of the locali- 
ties where they may be found. They pertain to the drift, and have 
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been transported hundreds of miles along with the other foreign 
snbstances in which they occur, from the northern part of the State. 
Such discoveries have sometimes awakened an interest that has cnl- 
minated in stock companies formed for mining, and in the wasting 
of thousands of dollars. Similar small quantities of gold can be 
got by a minute washing of the drift at almost any place where the 
drift sheet is attenuated, or where the older glacial drift has been 
denuded, leaving the gold, which is indestructible, either by the 
lapse of time or by the chemistry of the elements, on the rock sur- 
face underlying. Almost every geological report in the country 
makes mention of them, extending at least through Ohio, Illinois, 
Indiana, Wisconsin and Iowa. 

BuMing-Stane. 

With this necessary article Fillmore county is also well supplied, 
and it has been put to an extensive use. There are hundreds of 
openings made to supply a. local demand, besides a great many 
more extensive quarries which are known for a good many miles 
round. A great deal of stone for building is shipped to counties 
west, which are drift-covered, and without accessible building stone. 
Probably three-fourths of the building-stone used in the county is 
derived f^om the Trenton, the other fourth being made up of the 
Galena and the St. Lawrence. The Lower Trenton is most fre- 
quently employed. This is largely owing to the prominent manner 
of its outcrops, as shown under the head of Drainage and of Sur- 
face-Features. The Upper Trenton has been used in the construc- 
tion of several schoolhouses and private residences. At Spring 
Valley the Galena is principally used. At Lanesboro, Whalen, Pe- 
terson and Rushford, the St. Lawrence. The Shakopee and Jordan 
are but rarely resorted to. 

Probably the best known quarry in the county is that of Mr. 
Joseph Taylor, near Fountain. It is situated near the railroad, from 
which a side track allows the loading of cars. It is in the Lower 
Trenton, and supplies the ^^ blue limestone " that is so largely ship- 
ped by the Southern Minnesota Railroad to points on its line in 
Mower, Freeborn and Faribault counties. The beds are usually 
less than six inches in thickness, and they are easily broken to any 
desired size. It is a hard stone, not easily cut, but can be dressed 
if necessary. It is not injured by disseminated shale, as much of 
the Lower Trenton is, and hence makes a very durable material. 
Mr. Taylor delivers it on the cars at $4.50 per cord of 128 feet. 
At Fountain are several buildings constructed of this stone. 
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Bertdes the quarries in the Trenton that have been mentioned in 
glTtng the scientific geology of that formation, a number were vis- 
ited at which no new facts of interest were noted. Such were Ole 
Oteson's, northeast quarter section 86, Harmony ; Wm • Wilbright's 
and Martin Qninn's, section 15, Forestville : Greorge Dmry's, sec- 
tkm 8, Bristol ; Garrett Mensing's, southwest quarter section 27, 
Eorestville. It would be impossible, and unnecessary, to mention 
all the places where this limestone has been wrought. In traveling 
over the county a number of stone houses for residence were seen, 
belonging to farmers. Such are O. O'Hara's, southwest quarter 
/Motion 18, Amherst, from the Trenton; Mr.G^rge Park's, section 
87, Bloomfield, from the Galena of Mr. S. 8. Belding's quarry. 
The stone mill at Preston is of the Trenton. Of the quarries in the 
Galena at Spring Valley, those of Mr. Shumaker and of Mr. Allen 
are the most important. The former furnishes a beautifbl fine- 
grained cut-stone for trimmings, as well as stone for common walls. 
The latter supplies a darker-colored, and coarser stone, which has 
been considerably used. 

From the St. Lawrence limestone a very fine building stone is ob- 
tained. It is a fortunate circumstance that very much of this form- 
ation is in r^ular, and often in heavy layers. These are also not 
so firm as to resist the usual means for quarrying. When the beds 
are broken the blocks are found to possess often a finely vesicular 
texture. Their color is a very light yellow, or buff, resembling that 
of the well known '^ Milwaukee brick." The principal buildings 
at Lanesboro, including the Lanesboro Hotel, the flouring mill of 
Thompson & Williams, the Presbyterian and Catholic churches, the 
public schoolhouse, and a number of stores, are of the St. Law- 
rence, quarried at Lanesboro, and from land owned by the Lanes- 
boro Company. At Whalen are excellent opportunities for obtain- 
ing this stone in its best conQition. It has been somewhat wrought 
on Whalen*8 Blufi*. Quarries in the same are owned at Rushford by 
Wm. Crampton, Jos. Otis and Hiram Walker. Mr. Crampton's 
quarry f\imished the stone put into Boyam's store, and also that of 
A. K. Hanson's. Mr. E. Larson's was built flrom Mr. Otis' quarry, 
and that of Kierland & Son from Mr. Walker's. At Amherst P. O. 
the Jordan is quarried some for foundations, and the Shakopee at 
Ghatfield. 

Sand for Mortar and Concrete. 

Wherever the St. Peter sandstone is accessible it is employed for 

making mortar. It is equally good^ for hard-finish, being, when ta- 
10 
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ken fh>m some depth, purely white and of very oniform ilneneM. 
There are, however, some portions of the county where it is amdi 
more difficult to obtain a sand suitable for common mortar. In the 
western part of the county a white sand, or one nearly white is ob- 
tained from deposits referable to the Lower Cretaceous. These 
have been mentioned under the head of Oretaeeona* They are found 
on the land of G. G. Temple, southeast quarter section 8, Bloom- 
field, on section 17, Spring Valley, on Andrew McNee's land, north- 
west quarter section 22, Bloomfield, and on J. M. Bexford's, north- 
east quarter section 36. Mr. Temple deliver's sand at Spring Val- 
ley for $1.75 per load, of two tons. One team can haul five such, 
loads per day, but generally hauls but three. From three to five 
hundred dollars worth are taken from Mr. Temple's sand pit anna- 
ally. Besides these sources for mortar-sand, the Jordan sandstone, 
which is often as incoherent as the St. Peter, can be used to advan- 
tage, though it is rather more apt to be cemented by iron. There 
can be no question but the compact and impervious nature of the 
green shales of the lower Trenton have preserved the inooheraK^ 
of the St. Peter, by preventing the downward percolation of ferrif- 
erous and calcareous waters, which certainly would have left their 
impurities in the form of cement among its beautiful white grains. 

The proximity and cheapness of lime and sand have suggestsd 
the building of houses by mixing these substances in the form of a 
concrete. Several such are found at Fillmore, also in Jordan, and 
at Bushford ; but this method is not general. The material is cast 
in the form of large brick, having the color of common brown mortar, 
and these blocks are laid up much like common brick walls. Patent 
presses are used to make the concrete blocks. 
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REPORT ON OLMSTED COUNTY. 



BT M . W. HARRINGTON. 



This large and wealthy county lies in the second tier of cpanties 
north of Iowa. It is separated f^om the Mississippi Biver by 
Winona county on the east. Fillmore and Mower counties on the 
south separate it from Iowa. It is bounded on the west by Dodge 
county and on the north by Goodhue and Wabasha counties. 
Olmsted county is nearly a rectangle with five ranges of townships 
east and west and four ranges north and south. The geometrical 
figure is rendered irregular by Wabasha county which takes out two 
townships from the northeast comer. This irregularity is farther 
increased by an east and west row of twelve townships on the 
western part of the south side of the county, and extending half a 
section farther west than the rest of the county. The county eon- 
tains 18 complete townships of 86 sections each, and twelve sec- 
tions in addition, making 654 sections or square miles in all. 

The following table gives the area in acres of each of the town- 
ships of the county. It is from the office of the State Auditor, 
Hon. O. P. Whitcomb : 



76 



OBOLOGIOAL AND NATURAL HISTORY 



Name. 



Elmir 

Dover •. 

Qoincy 

Orion 

Ryota 

Viola 

Pleasant Grove. 

Marlon 

Haverhill 

Farmlngton 

High Forest.... 

Rochester «. 

Cascade 

Oronoco 



Rock Dell. 



Salem 

Kalmar 

New Haven. 



Total acres and ft'actions 



Township 

N. 



{ 



105 
106 
107 

IV 
106 

107 

106 

106 

107 

108 

104 

105 

106 

107 

108 

104 

105 

106 

107 

108 



RuLge. 



11 
11 
11 
12 
12 
IS 
18 
18 
18 
18 

14 (6 sections) > 

H 5 

14 
14 
14 

15 (6 sections) ) 

15 J 
16 
15 
15 



Acres and 
Fractions. 



28,008.69 
28,019.01 
28,088.81 
22,992.58 
22,988.90 
22,977.97 
28,020.18 
22,968.10 
28,005.91 
22,810.11 

26,804.42 

22,978.76 
22,915.46 
22,968.06 

26,809.SS 

28,002.86 
22,990.00 
28,067.89 



421.841.96 



Drainage. — Streams are plentiful and their fall moderate. The 
water reaches the Mississippi by three paths. The central, north- 
em and western parts of the county are drained by the Zumbro 
River. This stream runs north into Wabdsha county, when it turns 
east and makes its way to the Mississippi. It comes into Roches- 
ter from the southwest, and within the city limits Bear Creek, from 
the southeast, Silver Creek, from the east, and Cascade Creek, from 
the west, empty into it. Near the north line of the county it re- 
ceives quite a stream resulting from the union of the Middle and 
North forks of the Zumbro. The southern tier of townships are 
drained by Root River, which, very sinuous, takes a generally east 
course for the Mississippi. It has in the county no affluents of any 
size, except at Chatfield, where a stream of small size comes in 
from the north On the eastern border of the county some branches 
of the small Whitewater River reach this county. 

There are no lakes in the county. There are a few small pond8 
which in no sense deserve the name of lakes. Streams which sink 
into the ground and disappear are said to be not rare. The U. S. 
surveyor's plat of Farmington township lays down one such stream. 
Another is laid down on other maps in Elmira township ; and an- 
other in Haverhill and Viola townships. From reports in various 
parts of the county, it seems they prevail where either the Lower 
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or Upper (Galena) Magneaian limeatone occurs — a state of things 
to be expected, as will be noted when these formations are 
discussed. 

Living springs of cool, pare water, of the best quality, are not 
rare. They are by far most common on the south or west sides of 
bluflSs, where the green clay of the lower part of the Trenton Lime- 
stone comes to the surface. This clay is impervious to water. The 
formaUons dip slightly toward the southwest. The layer of day 
forms a nearly level floor of which the southern and western sides are 
lower than the others. The water will consequently come out on. 
these sides. The springs are frequently of large size. The phe- 
nomenon of a row of springs some distance up the sides of a bluff, 
while the base of the bluff fhmishes no springs, is by no means a 
rare one. Spongy earth is apt to collect about the mouth of the 
spring. When filled with water, it is soft and very miry. In form- 
er times, when the road crossed such spots, bad mudholes were 
found. They have now been generally tapped and drained, though 
they are still occasionally met on the less-traveled roads. 

WcUer'powera, — Olmsted county is more than usually favored 
with good water-powers. This results from the large number of 
streams, the swiftness of their currents and the favorable nature of 
the banks and bottom. The information which is given in the fol- 
lowing table was derived fiom Mr. F. T. Olds, of the firm of Olds & 
Fishback, owners of Rochester City Mills, and fh>m John M. Cole, 
owner of Zumbro Mills. 

WcUer-Power MiUs in Olmsted County. 



Name of MiUs. 



BMbwtor City 

MlIlB 

Zumbro Mills.... 



OMMMleMlUs 



WooltnMiU..... 
Oroiiooo Mills.., 

Middleton^sMUl. 

SawMUl 

StowartTllle 



••••• 

Custom MiU... 

Stoincy Mills... 
awMUl 



Owner. 



Olds A Fishback. 
Jno. M.Cole 



Lyman Tondro.. 



Wm. Bartley 

Allis, Gooding A 

Hlbberd 

R.Middleton.... 

Jas. Button 

Cbas. Stowart... 

J. Fogle 

— -BagUsb 



— Ambler* . 



Location. 



RocbeetorClty 

4« 



It 



Oronoco Vil.. 

Kalmar 

Sew Haven... 
Hlcb Forest.. 
Orion 

Qaincy. 

MewHaren... 





^ . 


w. • 




^•d 


o« 


Stream. 


|8 


si 


Zombro. • . • • . 


16 


4 


Znmbro with 






Bear Creek 


10 


4 


Cascade Or... 


17 


2 


Bear Creek.. 


17 
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Several nnimproved powers are reported. There are some be- 
tween Bochester and the north boundary of the county, bat bad 
bottom and banks prevent their improyemen^. There are said to 
be two good powers between Oronoco Mills and the main stream. 
An unimproyed power is said to be found at Grenoa. At High For- 
est village a water-p^wer was improved years ago, bat has been 
permitted to go to rain. 

The Surface is mach diversified and the natural scenery very 
pleasing to the eye. The surface is generally rolling. Along the 
•streams blufTs are found sometimes nearly 200 feet high. These 
bluffs are usually steep, level-topped, and characteristic of the geo- 
logical formation which makes them. They are most common in 
the central and eastern parts of the county. Rochester lies in a 
valley, with bluffs all around it. It climbs the bluff toward tiie 
west. Dover Center, Marion and Chatfield lie in similar valleys. 
Curious isolated mounds are common, especially along the east side 
of the Zumbro in the southwest comer of Farmington and the acQa- 
cent corners of neighboring townships. They are also common in 
Elmira. Toward the west the surface is much more level. Much 
of Bock Dell township is like the prairies just south and west of it. 
The name of the township is derived fh>m two or three rocky dells 
in its northern part. 

The following notes were taken f^om the plats of the government 
survey of the county. These plats were not dated, but according 
to the State Auditor's records the county was surveyed in 1854 and 
1855. They were found in the office of the county register, where 
access was given to them with the utmost courtesy : 

Farmington. — (T. 108 N., 18 W.) This was a prairie township. 
From an isolated bluff in section 19 extended a stream which sank 
in about the middle of section 28. The magnetic variation varied 
from 8o 24' to 9o 51'. Several marshes of some size were recorded. 

Oronoco. — (T. 108 N., 14 W.) No marshes worth noting are 
shown on this plat. Wood accompanies the streams, varying from 
one to three miles in extent. The Zumbro on this and other 
early maps is called the Embarass B. The bluffs along the river are 
sometimes marked 100 feet. The magnetic variation varied from 
8° 24' to 9° 55'. 

New Haven. — (T. 108 N., 15 W.) This township is represented 
as quite uneven, and bluffs occur along the streams. Woods fol- 
low the streams, and two or three aspen thickets are marked. The 
magnetic variation was 8^ 55' to ^ 54'. 

Quincy. — (T. 107 N-, 11 W.) This was mostly prairie when sur- 
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veyed. There was some wood aloDg streams, and a few scattering 
thickets. A single small marsh was marked. Blaflb accompany the 
streams. I|f agnetic variation, 8^ 27' to 9o 51^ 

Viola. — (T. 107 N., 12 W.) Several small marshes were marked. 
A range of prairie extended, east and west, through the middle. 
Prairie also occapied the northeast corner. Blaflb accompany the 
streams here also. Magnetic variation, 8o 26' to 9^ 84'. 

Hav€rhm.—(T, 107 N., IS W.) About half of the town is prai- 
rie. Woods extend, as usual, along the streams, which are accom* 
panied by bluflb. Several marshes, none of great size, are platted. 
Magnetic variation, 8o to 9o 41'. 

Otucade. — (T. 107 N., 14 W.) There are no marshes laid down 
in this township. It is nearly all prairie-land, brush accompanying 
the streams generally, and a few scattering thickets being marked. 
The bluffb along the river are sometimes quite elevated for the 
county. Magnetic variation, 8o 18' to 9^ 88'. 

Kalmar. — (T. 107 N., 15 W.) Rather heavy timber occupies 
the northwestern part. An isolated grove is marked in sections 18 
and 14. A single marsh is laid down in sections 11 and 12. The 
banks of the fork of the Zumbro are bluffy. Magnetic variation 
8^ 86' to 90 86'. 

Dover.— {T, 106 N., 11 W.) The township is an essentially 
prairie one, though many isolated thickets are marked, and there 
is some wood along a branch of the Whitewater river. The marshes 
are few and insignificant. The magnetic variation is from 80 40' to 
90 50'. 

Eyota.—(T. 106 N., 12 W.) A broad belt of timber, about three 
miles wide, crosses the township diagonally fh>m the northwest cor- 
ner. The magnetic variation, 9^ to 10^ 40'. 

Marion. — (T. 106 N., 18 W.) Several marshes are given. The 
land is wooded along the streams, leaving about one-third of the 
township in prairie. Magnetic variation, 80 40' to 10^. 

Iioche8ter.—{T. 106 N., 14 W.) The township is mostly brushy, 
with scattering timber. Bluffs accompany the streams. Several 
marshes are laid down. Magnetic variation, 8^ 15' to 9^ 50^. 

Salem.— (T. 106 N., 15 W.) Two marshes of about 120 acres 
each, and one of about 160 acres are given. About two-thirds are 
marked as wooded, but the prairie portion comes at the north, 
where the streams are most abundant. The streams are not marked 
as bluffy. Magnetic variation, 80 47^ to 9'' 88'. 

Elmira.—(T. 105, N. 11 W.) This township was about half- 
wooded. An independent drainage is marked in sections 8, 9, 
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16, 17, Blafiy mounds not on streams are marked. Magnetic va- 
riation, 8<> 46' to 10^ 56', 

Orion (T. 105 N., 12 W.) is somewhat wooded aloqg streams. 
In sections 10 and 15 a stream is represented as sinking. Hie 
banks of Root river are bluffy. A small lake is given in sections 
85 and 86. Magnetic variation 9^ 20' to 12^ 12'. 

Pleasant Ghrove.—{T. 105 N., 18 W.) A large marsh of about 
120 acres is laid down in the southern part of the township. A 
band of woods about 8 miles wide accompanies the river, the banks 
of which are bluffy. Magnetic variation 8^ 25' to 10^ 57'. 

High Forest.— (T. 105 N., 14 W., with a range of sections inX. 
104 N., 14 W.) A large marsh — about 320 acres — ^is laid down in 
sections 30 and 81. The township is wooded along the streams, 
bat is about half prairie. Magnetic variation 6^ 45' to 9^ 55^. 

Bock DeU.—(T, 105 N., 15 W., with a range of sections in T. 
104 N,, 15 W.) A large marsh — 320 acres — in the northwestern 
part. The land along the streams is little wooded. The banks of 
the streams in the northern part are bluffy ; in the southern, not. 
Magnetic variation 7o 40' to 9^ 18\ 

There seems to be no easily recognizable order in the magnetic 
variation for different parts of the county. The extremes were 6^ 
45' and 12^ 12', in High Forest and Orion respectively. Both these 
towns are on the south side and not far apart. 

Some elevations have been taken on lines of railroad, built or pro- 
posed, through the county. Those of the Winona and St. Peter R. 
R. I have not been able to see. Mr. W. D. Hurlbut tells me that 
the survey for this railroad makes Eyota 1,210 feet above the sea, 
and gives the same height (1,210 feet) to Byron. 

The following are elevations on the line of a proposed railroad 
from Wabasha to Austin, and along the lines of several other pro* 
posed roads. Some of them fall in neighboring counties, but they 
are given here to make them of general use. They are from the 
notes of Horace Horton, civil engineer, Rochester, who ran the lines 
on which the elevations occur. These elevations were referred to 
the level of low water in the Mississippi River at Wabasha, This 
is 80 feet below St. Paul and 620 feet above the surface of the 
ocean. 
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SLBVATIOMS VBOM THB NOTB8 OF HOEACTl HOETOH, O. K. 



1 Head of Etst Indian creek, 6 miles N. E. of Flaln- 

▼iew, (Wabasha county.) 

2 Street of Plalnvlew CWabasha county.) 



8 Elgin, (Wibaftha county^. 

4 Near center of sec. 14, Haverhill 

5 S. W. corner sec. 84, Haverhill, (Bock, seen some 

feet above.) 

6 Base of Sugar 'Loaf, sec. 81 and 82, Haverhill.... 

7 College street bridge, Bochester 

8 Surface of water beneath 

9 Sommlt of Lone Mound, section 11, Farmington, 

within 10 feet of Plainvlew level, viz 

10 S. E. comer sec. 10, High Forest 

1 1 Low water at High Forest village 

12 Sec. 29, T. 104 N., 15 W., Mower Co., half mile 

south John BowJey's house 
18 Dr. Thornhiirs farm, 4 miles east Brownsdale, In 

Mower county 

14 S. Minn. B. B. at Brownsdale, (Mower county.).. 
16 St. Paul and Milwaukee B. B. track at Austin, 

(Mower county.). . . 

1 6 Chatfleld, about 

17 PieaMnt Orove, about 

18 Creek near the school house In sec. 16, CascadeJI 

about 

19 N. W. corner section 10, Cascade 

20 Quarter stake, sections 88 and 84, Oronoco 

21 Center stake, sec 21, Oronoco 

22 Surfkce of river at Oronoco 



Above the 
Mississippi 
Biver at low 
water at 
Wabasha. 



Above 

the 
Ocean. 



1,164 
1,188 
1,010 
1,254 

1,190 

1,010 

960 

946 

1,188 
1,287 
1,190 

1,877 

1,850 
1,252 

1,180 

887 

1,287 

985 
1,120 
1,110 
1,085 

985 



Lone Mound (elevation 9) is about 150 feet above the surround- 
ing country. 

Elevation 10 gives the summit of the water-shed between the 
Zumbro and Boot Rivers. From section 5, Orion, to section 21, 
Rock Dell, the elevation of this water-shed does not vary 10 feet 
from the figures given. By comparing the figures in the table it 
will be seen that this water shed includes the highest land in the 
county of which we have any record of observations. A genera) 
elevation toward the south and southwest is visible. This elevation 
reaches its maximum in the counties south, which include in their 
borders the most elevated land in the State. On comparing the 
geological map of the county, accompanying this report, and the 
table of elevations, a strildng relation between the altitude and ge- 
11 . 
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ological formation is rendered manifest. This will be more parUc- 
*Blarly referred to under the heads of the individual formations. 

Timber. — Heajy timber is found along the large streams, though 
it is pretty well cut out now. Aspen and brush thickets are coin« 
mon everywhere. The following trees, shrubs, and twining plants 

were observed while driving through the county : 

I 

I. Trees. 

Basswood iTUia Americana. L.) 

Sugar Maple {Acer Saeeharinum. Wang.) 

Red Maple (^ rubrum. L.) 

Soft Maple {A, daeycarpum. Ehr.) 
The first two maples do not asoally attain any considerable size, while 
the soft maple, in a state of nature, becomes a large tree. 

Box Blder (Negundo aceroides, McBnch.) 
This tree is common along streams and is a favorite in cultivation. Ib 
transplanting it is trimmed up too much to easily take root. It is a pretty 
tree, of pleasing form and fUU foliage. 

White Ash (Fraxinus Americana. L.) 

Slippery Blm ( UlmusJMva. Mtchx,) 

Corky Elm ( U. racemoea. Ihomas.) 

Of which I saw several trees along the streets in Rochester. It was na- 
doubtedly transplanted firom woods close by. 

White Blm {U. Americana. Zpl. Clayt. WiUd.) 
Black Walnut {Juglans nigra. L.) 
A grove of these trees* was seen in Kalmar. 
Battemat {Jugmns cinerea. L.) 
Hickory {Gary a,) 
Only very small trees were seen. It is said that they are always cat 
when young to make round barrel-hoops, such hoops having been taken 
to be characteristic ol barrels containing Minnesota flour. It is a destruc- 
tive and pernicions practice, for thus one of the most valuable of trees Is 
prevented ft'om maturing. The only way to prevent U is to make square 
hoops the fiAshlon for Minnesota, which could easily be done by a combi- 
nation of the leading millers. 

Bur-oak, {Quercue macrocarpa. Miehz.) 
Is very abandant. On prairies it Is low, 8-8 ft. high, forming extensive 
thickets and fruiting abundantly. In more favorable localities it is larger 
and may become quite a tree. 
* White-oak ( Q. alba. L.) 
Is hard to distinguish at a distance Arom the preceding. Undoubted 
specimens were seen near High Forest. 

Jack-oak, Yellow-oak, etc., etc., (Q. cocdnea, Wang. Var. tinctoria.) 
Like all the species of this gronp of oaks, this tree is hard to identify. 
It is very common but is gradually disappearing before civilization. It is 
frequently seen dead or dying, without apparent cause. 
Paper-birch {Betula papyracea. Ait.) 
Small, along streams in the northern part of the county. 
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American Aspen {Papulm tremuloides. JCMob. ) 
Very common, osnally small. 

Coarsely toothed Aspen (P. grandidentata. Miehx.) 

Cottonwood (P. monilifera. Ait,) 
A great fiATorite In coltivatlon. 

Balm of Ollead (P. bcUBamifera. L,) 

Silver Poplar (P. <aba. L.) 

Lombardy Poplar (P. dilatata. *AU.) 
The lastjthree are introdaced and are very common In caltlyatlon. 
Willows. Several species were seen, some of them becoming large 
trees. 

White Pine {Pinu$ ttrobus, L.) 
A few straggling specimens were seen on the bloA three miles east 

Rochester. 

Locnst {Bobinia Pseud-acacia, L,) 
Is commonly cnltivated. The same is trne of several pines and sprnoes 
and a larch. 

II. Shrubs. 

Prickly Ash {ZarUhoocylum Americanum. Mill.) 

Smooth Snmac C^hus glabra. L.) 

Poison Ivy (JB. Toxicodendron. L,) 

False Indigo (Amorpha flruticosa. L.) 

Lead Plant {A. Canescens. NuU.) 

Wild Plnm {Prunus Americana. Marshall.) 
Apparently several varieties, some of them producing the greatest abund- 
ance of pleasant fhiit. 

Wild Bed Cherry (P. Pennsylvanica. L.) 

Choke Cherry (P. Vlrginiana. L.) 

Wild Blaek Cherry (P, seroHna. Shr.) 

Nine Bark {Bpiraea opulifolia. L.) 

Common Meadow-Sweet {Salicifolia. L.) 

Wl)d Rose {Bosa blanda. AU.) 

Wild Red Raspberry {Bubus strigosus. JficAx.) 

Wild Black Raspberry {B. occidentalis. L.) 
Flavor of the truXt is said to Ve remarkably good. 

Common Blackberry {B, villosus. AU.) Not common. 

Bls^ Torn {Cratasgus tomentosa. L. Var. pyrifoHa.) 

Bt&ck Thorn {Cfratasgus tomentosa. L. Var, punctata.") 

Choke-berry (^Pjfrus arbutifolia. L.) 

Am. Mountain Ash (P. Americana. DC*) Cultivated. 

Eu. Mountain- Ash (P. Aucuparia. Guert.) Cultivated. 

Red-osier Pogwood (Comus stolonifera. Mtchx.) 

Panicled Dogwood (V. paniculata. L*JBer.) 

Wolf-berry iSymphoricarpus acddeiUalis. B. Br.) 

Sheep-berry, Wild Haw ( VUbwmum Lsntago. L.) 

Cranberry-tree ( V. Opulus. L.) 
I Is frequently cultivated. 

Hazel {Corylus Americana. Watt.) 
Abundant on prairies. 
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LowBlrcliCBetulafiumila. L,) Cold bogs. 
Speckled Alder {Alnua incana. WUld.) Along streams. 
Juniper (Junip€r%u Saf^ina. L,) I 

Seen only on a rocky bank on Root Rlyer— sec. 85. Rock DelL 

III. Vine9. 

Virgin's Bower {CUmetiB Virginiana. £.) 

Frost Grape ( VUi$ cardifolia, Miehx.) 

Virginia-Creeper {AmpelopaU quinqwfolta. MUhx.) 
Common wild and a flSTorite In cnltivatlon. It Is often erroneously 
called Bgy, 

Shrubby Bitter-sweet ( OeUutrua scandens. L, ) 

Hop. {JBumultu LuptUfu. L,) 
Wild and in cultlTation. 

THB OBOLOOICAL STRUCTURE. 

The outcrops of rock are numerous throughout the county. It 
lies Just at the edge of the system of deeply eroded valleys extend- 
ing westward from the Mississippi. To the east of it are the deep 
ravines which cut thi^ough the high bluffs at the base of which the 
great river lies. The beds of these ravines gradually rise in receding 
from the Mississippi, and it is in Olmsted county that they rise to near 
the surface of the surrounding country. To the west and south- 
west of the county lies the great accumulation of drift which grows 
deeper and deeper as one passes westward. This material thins 
out over Olmsted. In the southwest corner it is thick enough to 
conceal entirely the rock-features below. Eastward it appears only 
in thin ouiliers, marking the ragged edge of deposition, or in patches 
and masses which are remnants left by subsequent erosion. In order 
to see to the best advantage the changes in the drift, features of ero- 
sion, and strati flcation, one must cross the county obliquely. There 
is t he least drift, generally speaking, in the northeast corner, and 
the most in the southwest corner. On the other hand, the southeast 
and northwest corners are much alike in the very feature in which 
the other two corners differ. In a rough way the lines of change 
cross the county diagonally in a southeasterly and northwesterly 
direction. This is due to two facts which may have some relation 
with each other. In the first place the Great River in the vicibity 
of the county runs in a generally southeast direction. The erosion- 
valleys extending f^om it would tend to take a direction perpendic- 
ular to it, and the lines of equal depth of erosion would tend to be 
parallel to it. Again, the dip of the rocks in this county is slightly 
southwest. The edges of the strata as presented on the surface 
would tend to be in lines perpendicular to this direction. 
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There are no signs of noteworthy upheaval, depression or other 
changes in the relations of the strata to each other in this county, 
as in the whole of this part of the state the strata are conformable. 
The peculiar structure of the bluffs enables one to trace some of 
the strata at a distance. As far as the eye can follow them their 
planes occupy the same position with reference to the horizon. 
The only exception to this is the Cretaceous. Its rather doubtful 
patches in the county lie in nearly a horizontal plane, and across 
the edges of the strata below. 

The strata of the rocks other than Cretaceous do not lie in a hor- 
izontal plane. The dip is very slight, and in this county is toward 
the southwest. Toward the northwest corner the line of dip alters 
a little, and is more southerly. Comparison of altitudes and strata 
over a larger portion of the State has convinced Mr. W. D. Hurl- 
but that the dip her^ is 10 feet to the mile southwest. All my ob- 
servations in the county tended to prove the correctness of this 
estimalb. 

The stratigraphy of this fine county is easy to read in most cases. 
The form of the bluffs, the line of springs making a definite part of 
the Trenton, the differing solubility of the rock and the consequent 
occurrence of sink holes, caves, etc., in one formation and not in 
another, the lithological character of the rocks notably distinct in 
some of the formations, and the gradual and regular dip of the 
strata, which, when taken with the erosion, enables one to predict 
with much certainty the rock over which he is standing, even 
when it is hidden from view — all these enable one to read the 
stratigraphical enigma of the county with little trouble. In this 
study the intimate knowledge of the county possessed by Mr. Hurl- 
but assisted me greatly. He cheerfully rendered me all the assist- 
ance in his power, besides hospitably entertaining me at his house. 
The stormy weather of the season devoted to this work prevented 
me from visiting all of the county. In such cases the details of 
the map accompanying this report were put in by Mr. Hurlbut. 
You yourself, sir, as director of the survey, have frequently passed 
through this county, and your observations in it have not only con- 
firmed many of my own, but have added facts which escaped my 
attention. 

1 will here embrace the opportunity of recommending Olmsted 
county as an excellent field for teaching stratigraphy. The strata 
are interesting, the characters mentioned above make the reading 
of them easy, the scenery is unusually attractive. I can conceive 
of no better spot to which to take a class of students for instruction 
in geological field-work. 
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The formations foand in the ooanty are not nameroos. The 
Potsdam sandstone is said to be found in the beds of the Zombro 
and Whitewater rivers, aboat where t hey leave the county. It has 
not been seen by me, however, and the sandstone is probably only 
one of the lower sandstone layers of the Lower Magnesian. The 
latter formation, the St. Peter sandstone, the Trenton limestone and 
the Galena, are found here, the first and last probably only repre* 
sented by a part of their entire thickness. A little Cretaceous was 
found. 

THB LOWBB MAON16SIAM UMB8TONB. 

The AREA of this formation in the county is as follows. It fol- 
lows the larger streams, beginning on them when well in the coun- 
ty, and broadening out until it leaves the coivity with them* It 
appears in the beds of the branches of the Zumbro well up in Roch- 
ester, Marion, Haverhill and Cascade townships. Rochester ^es on 
a floor formed by the upper surface of this formation. The valley 
of Rochester city is entirely shut in by blu(&, except where the 
Zumbro passes out to the north and along a geological valley, now 
dry, to the northwest. This lower magnesian valley of Rochester 
city is somewhat crab-shaped, and is formed by the meeting of the 
various streams which make up this branch of the Zumbro. Cas- 
cade township is about half Lower Magnesian, the remaining sur- 
face being occupied by spurs and islands of the formations above, 
one of these islands being quite large. Oronoco township is al- 
most exclusively Lower Magnesian. Farmington is of the Lower 
Magnesian floor, except the southern edge and some outliers of 
Trenton and St. Peter. In New Haven the middle fork of the Zum-* 
bro soon rises to the Trenton, while the north fork lies on the Mag- 
nesian, until it passes into the next county west.* A large portion 
of Quincy is Lower Magnesian, as is a little of the northeast of 
Viola. An arm of this formation appears at the surface in the bed 
of the river, passing nearly through Dover from east to west. £1- 
mira is also floored with Lower Magnesian for the most part, as is 
a small portion of Orion. The village of Dover lies in a Lower 
Magnesian valley, something like that of Rochester city. The 
same is true of Chatfield. Something more than 20 per cent, of the 
county has a floor of Lower Magnesian. 

The Lithological characters of the formation here partake of its 
general characters in Minnesota as described by the Director of the 
Survey in his First Annual Report (for 1872, pp. 81-88.) It varies 
from a compact, flne magnesian limestone to a pure, fHable,. saccha- 



SUBYBT OF MINNKSOTA. 87 

rine white s^dstone. It is frequently in irregular layers, which 
are not continnons for any distance. Sometimes these layers are 
thin and continuoas ; sometimes they are thick and cleave natu- 
rally into massive blocks. The rock is often brecciated, occa- 
sionally massive. Broken cherty layers, irregular silicious pockets, 
mottled sandstone, oolitic limestone, vesicular limestone, sparry 
cavities of considerable size, are all found in this variable yet usu- 
ally easily recognized rock% , 

This rock holds its form well and thus produces characteristic 
surface features. When worn deeply into by erosion it presents bold 
cliffs and craggy, rounded hills. When not covered thickly by 
drift, it makes a poor surface for agriculture, as may be seen in 
some parts of Oronoco. It is nearly barren, and is covered with 
scant grass, with hazel and scrub oak (in this case dwarf Q^efrcu8 
macroearpa) or with small paper birch, and other wood-growth not 
large enough to be of importance economically. When this floor is 
covere<l by drift, as in the beautiful prairie township of Farming- 
ton, the soil may be unsurpassed. The most of this township is de- 
voted to wheat, and at the proper season it seems to be one contin- 
uous wheatfield. 

A section of this formation is seen at Quincy Mills. It is de- 
scribed in the First Annual Report, (for 1872) p. 82, and need not 
be repeated.* 

* JVbte.—As the report for 1872 is entirely oat of print, the section at 
Qalncy Is hereby appended, Id order to complete the geology of the couDty. 
Mo. 1 of this section is of the Bhakopee limestone, and No. 2 is the upper 
portion of the Jordan tiandstone. — N. H. W. 

Deicending 'Election at Quincyj Olmtted County, 

No. 1. Dolomitic limestone; qnite arenaceoos, (klllng out in huge 
masses which are rough, distorted In their crude bedding, and 
nnmanageable as a quarry stone, showing much calc-spar. Lime- 
stone and sandstone are mIngleS with occasional strips of light- 
green* shale. In general the fkce presents the appearance of an 
alternation of horizontal layers of thin and more shaly beds, with ' 
heavy, coarse and rough limestone beds. Some green shale lay- 
ers alternate with dark, umber-colored (ochreous) shale, neither 
being more than two inches thick. They are tortuous and not 
continnous. This phase appears like the tops of the bluffii at 
Winona, bnt Is probably at a considerably higher horizon 80 ft. 

No. 2. Persistent, white sandstone, or granular quartzite, seen .... 10 ft. 



Total exposure • 40ft, 
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The following section was taken at the lime-kiln of James Bar- 
nett, on section 8, OronooOf jast northeast of the yiiiage : 

CalcifBrous sandstone, much broken, Id thin layers, baft 14 ft. 

Compyact little broken calciferoas saDdstone, light boff >t ft. 

Sandstone (mostly saccharioe) in layers 4ft. Sin. 

Alnminoas limestODe, in thin layers, light boff 1 ft. 7 in. 

Dark sandstone with nnmeroas blae spots 1 ft. S in. 

Arenaceous vesicular dolomite. . .» 8 ft. S in. 

Like second above 4ft. 

Like second above, but more irregularly bedded 1ft. 

Vesicular, sparry, irregularly bedded dolomite 4 ft. 

Total as far as seen.. 87 ft. Sin. 

The above section begins at the top. No fossils could be found. 
The lowest layer (last described) is employed by Mr. Barnett for 
making lime. The lime is light buff, slow, and contains oonsidera- 
ble cement. 

This lime is of considerable economical value. The lime of Bar- 
nett is good notwithstanding its slowness, and the cement in it only 
increases its value for many purposes. Mr. Barnett uses 12 cords 
of wood to one charge of his kiln. The wood costs $2.00 per cord. 
The kiln burns three days and affords 120 barrels of lime. Mr. 
Barnett says that the lime is slow in slacking, but that it sets quickly. 

This rock does not famish much good building material in this 
county. It is not of even bedding and homogeneous, texture gen- 
erally. Pieces are sometimes employed at Rochester for window-caps 
and water-tables. These pieces are found only in the uppermost 
layers. No general use is made of them. 

THE ST. PETER SANDSTONE. 

The area of this rock is difficult to represent on a map. It is so 
friable that it will not endure erosion when left to itself. It is only 
when it is capped by the lower layers of the Trenton that it suc- 
cessfully resists the attacks of water. - By itself, uncovered by other 
formations, it occupies but little space. It juts out beneath the cap 
of limestone only a few feet or rods. From a -projecting spur of 
limestone it may extend farther, as is illustrated in the city of 
Rochester. A spur of Trenton comes in from the west and ends 
near the city limits. The sandstone, however, can be struck in 
sinking wells almost anywhere in the western portion of the city. 
Occasionally where erosion was incomplete an outlier of crumbling 
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sandstone can be seen, not capped by limestone. Sach an outlier 
may be found in or near SW. Farmington. This must happen but 
rarely, and the outliers can attain but small size. Streams of con- 
siderable size usually leap from the Trenton to the Lower Magnesian, 
the intervening St. Peter sandstone having been washed completely 
away at an early period. Sometimes, however, streams of small 
size remain in a bed of St, Peter sandstone, in which case the val- 
ley is sandy, covered with small oaks, and worth little for agricul- 
ture. This is seen in the valleys of Bear Creek and its branches. 

The turfojce feaJtures caused by the presence of this sandstone are 
interesting, and have already been referred to. As the incoherency 
of this formation deprives it of the power of resisting erosive 
forces, it is usually carried away cleanly wherever exposed. The 
consequence is a precipitous descent from the Trenton to the Lower 
Magnesian. This appears in lines of remarkable, level bluflis. The 
height of these bluffs is usually the thickness of the formation, 
with fifteen or more feet of limestone on the top. These bluffs are 
especially noticeable around Rochester. To the east their top is 
reached by a rugged ascent, to the west by gradual dip of the 
strata. The erosive forces have lefb many small and isolated bluffs, 
which can be properly described under this head, though the lower 
layers of Trenton limestone assist in their formation. They ap- 
pear as rugged mounds rising froip the Magnesian floor, and form 
a striking feature in the aspect of the neighborhood. They are 
most abundant in southwest Farmington and in Elmira. A few 
are seen along the railroad, just east of Rochester. Perhaps the 
most remarkable is '^ sugar-loaf mQund," about two miles east of 
the city and close to the railroad. Its shape and relative propor- 
tions are those of a sugar-loaf. Another remarkable one is ** Lone 
Mound," of section 11, Farmington. It is about three miles fh>m 
the line of blufib south. Two or three miles northwest are two 
similar mounds, called 'VTwin Mounds." They are in Wabasha 
county. 

The thickness of the St. Peter was ascertained with an aneroid 
barometer, near Rochester. The upper layers of the Lower Mag- 
nesian were found on Bear Creek, near the woolen mills. The up- 
per surface of the St. Peter was ascertained as carefhlly as might 
be near Whitcomb's quarry, and near Jenkins' quarry. Three com- 
parisons were made. The proper allowance having been made for 
dip and atmospheric change, the value of 111: feet was obtained for 
the thickness of this formation. 

The UthologicaX character of the St. Peter is uniform and simple. 
12 
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It is a rather coarse, white, fHable sandstone, pore white, except 
where contaminated by foreign substances or percolations fh>m the 
formation above. It contains no fossils so far as I could see in 
this county. 

This formation is riseful in several ways. When with a tight, 
magnesian floor, it holds water, and furnishes a good supply to 
wells. It is sometimes excavated where it comes out on the face of 
a bluff. Excellent cellars, dry and of uniform temperature, are 
thus formed which are used especially for the preservation of veg- 
etables. It supplies an inexhaustible amount of pure white sand, 
round-angular, and excellent for mortar or glass-making. 

THB TRBMTON LIMB8TONB, 

As this formation lies next above the St. Peter, and as the dip 
is southwest, we should expect to And it just behind the sandstone. 
Such is the case, but being a coherent limestone it occupies much 
more area than tha St. Peter. It covers fdlly one-half of the coun^, 
stretching in a broad, interrupted band fh)m southeast to northwest. 
Its outer edge is the labyrinthine, interrupted line of level, peculiar 
bluffls which reach in their serpentine course every township in the 
county, except only Rock Dell and High Forest. The southwestern 
or upper edge of its outcrop can not be traced so minutely, as this 
formation passes insensibly into the Galena which overlies it. The 
formation covers the most of Kalmar, Haverhill, Viola and Eyota 
townships. It caps also with a few feet of limestone the most of 
the outliers of St. Peter already^ mentioned. 

The lithological characters are described in the First Annual Re- 
port (already referred to) and need not be repeated. 

In general, as seen in this county, we have, below, a shaly lime- 
stone, often presenting beds of blue limestone usefhl for building. 
This is more or less interrupted by shale and averages 15 feet thick. 
Above this is a bed of green shale more or less interrupted with 
limestone, and about 15 feet thick also. Above this we have 125 
feet of yellow, or gray, harsh, magnesian limestone, in regular beds 
of varying thickness. In deep quarrying this rock also is blue. 

Many sections of this rock can be seen. It is the rock most gen- 
erally quarried. Several sections for Olmsted county are given on 
pp. 97-99 of the First Annual Report of the survey (for 1872.) 
The characters of others examined by me were uniform with those 
there described. 

Many fossils are found in these beds. Chaetetes Lycoperdon is 
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plentiful in the green shale. Leptaena^ Orihidf Strophomefiaj 
Mtirchi9oniai PUurotofMuria^ Otihooema are common. The orth- 
oceratites are anuBoally large. 

Thie Btone is the one most used in this coonty for baildtng pur- 
poses. The stone for the buildings about Rochester were for the 
most part taken ftom the Trenton quarries near by. The quarry of 
W. Jenkins, just within the city limits, furnishes a large proportion 
of this stone. 

It has been suggested that the clay of the green shale would make 
good brick or pottery. The grain is very fine, but the presence of 
small, calcareous fossils ii]^ures it for these purposes. A pottery 
factory, in which this clay was employed, started some years ago, 
had to be abandoned on this account. 

THE GALENA LIMSSTONB. 

The area of this formation in the county is much less than that 
of the Trenton. It is found only in the southwestern part of the 
county, and covers rather less than 20 per cent, of the whole area. 
Byron, in Kalmar, is located on this rock. It underlies nearly all 
of Salem and High Forest, and considerable parts of Bock Dell, 
Rochester and Pleasant Grove. It extends into Marion and Orion, 
and Mr. Hurlbut tells me that a small scalp of it may yet be found 
in the western part of Eyota township. The lower and upper edges 
of its outcrop can not be accurately traced. In the case of the 
lower edge it is for the reason already mentioned, viz. : the Tren- 
ton and Galena blend gradually. The upper edge cannot be traced 
because it is completely concealed by drift. 

In lUhologicaJ character^ as seen here, this rock is a heavily bedded, 
buff dolomite, fine grained, or coarse and porous. It contains often 
small pieces of iron pyrites, which, by weathering, give it ferrugin- 
ous stains. Lead has not been found in place in the rock, but far- 
mers sometimes find it isolated on the surface, evidently left behind 
when the rest of the rock material was weathered away. It often 
contains crystals of spar ; sometimes irregular cavities are found. 
Under the influence of the weather the rock is seen to vary in solu- 
bility. The result is frequently sink-holes of varying dimensions 
Such holes, a few feet deep, are common on the bluffs of this form- 
ation, and I was informed by Mr. Hurlbut of an extensive one on 
the bluff near Garrick's quarry, the bottom of which has never been 
reached. Another result of this unequal weathering is the craggy 
appearance of the blufb formed by the G«lena. 

This limestone is well displayed In this county at Garrick's quarry, 
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Sec. 17, Rochester township. The floor of this quarry is about 80 
feet above the Trenton. To the top of the quarry is al>oat 85 feet. 
The rock is a sparry, magnesian and more or less arenaceous lime- 
stone. It is in beds one to three feet thick, separated by very thin 
layers of light blue shale. The beds are massive and yellowish, 
somewhat stained with iron, arising fh>m the decay of iron pyrites. 
The upper portions are most arenaceous and fossiliferous. In the 
crevices is found abundance of satin spar, and in the largest ones 
stalactites may be found. 

B. Williams' quarry, on the north bank of Boot river, Sec. 81, 
High Forest township, is in this formation. This rock is exposed 
for 25 feet, and is dolomitic, more or less concretionary, with small, 
spar-lined cavities. It is sparingly fossiliferous. The upper six 
feet are much broken up. The remainder is compact and unevenly 
bedded. The concretionary structure is not visible on fresh sur- 
faces. It is brought out by weathering and especially by burning, 
and then appears in the form of fine rusty lines. 

On the left bank of the same stream, about One mile west of 
Williams' quarry, is an exposure of yellow thin-bedded, broken, 
uneven, dolomitic limestone, of which only 8 or ten feet are visible. 
I found no fossils, but was sure, from the lithological characters, 
that the rock is Galena. 

The same rock is well exposed in the ravines of Salem and Bock 
Dell, where it is quarried to some extent for building. 

As to economical vcUue^ this formation produces the best bnildiug 
stone found in the State. It is much used in Bochester, but has 
been mostly derived from Mantorville, in Dodge county. It will be 
fhrther described under that head. At Bussell Williams' quarry, 
near High Forest, it is burned for lime. There are five kilns at this 
place. Each kiln takes 12 cords of wood for one charge of stone. 
The wood has to be brought from a distance, and costs at the kiln. 
$6.00 per cord. Three hundred barrels of lime are burned in a kiln. 
The lime is white and fine, and has the best reputation of any lime 
hereabouts. It sells at $1.00 per barrel. 

THE CRETACEOUS. 

A careftil search along Boot Biver and elsewhere in the south- 
west comer of the county, failed to afford me the slightest trace of 
the Maquoketa shales, which would be naturally expected overlying 
the Galena. An outcrop was found a few rods West of P. Brewer's 
residence, in the southwest quarter of section 85, of Bock Dell 
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iownahip, on the north bank of Boot Biver, the character of which 
i0 doubtftil. The formations in the acQoining connties, and the 
lithological character, indicate the probability of its being Greta- 
oeons, and it is thas marked on the accompanying map. The expo- 
sure is along a road-track going down to a ford of the stream, and 
was partially covered with soil and overgrown by bashes. The fol- 
lowing is the section ftrom below upwards : 

• 

Compact, blaeish limestone 2 feet. 

Indarated, srenaceoos, yeUowish shale 1 foot. 

Yellow sandstone, In broken layers 1 foot. 

.Light blue clay i foot. 

Reddish, broken sandstone « 11 feet. 

Light blue clay i foot. 

Sandstone 1 foot. 

Sandy, bluish clay i foot. 

Total seen distinctly 7i feet. 

The same arrangement of alternating sandstone and clay could 
be traced indistinctly four or five feet farther up. 

Three rods farther down the river is a compact limestone, sili- 
ceous, not dolomitic, non-fossiliferous, much broken by frost. The 
line of meeting of this with the precedmg was concealed by soil 
and overgrowing plants. 

The first described is in all probability Cretaceous ; the second I 
am unable to refer to any formation with certainty. Perhaps it is 
Cretaceous, perhaps Niagara. 

A scalp of Cretaceous, containing fossils in abundance, is said to 
have been found in the western part of Eyota township. It was of 
very limited extent. 

THB DRIFT* 

This covers much of the county. It thins out toward the north- 
east. It is of considerable thickness in the southwest. Its edge is 
ragged and shows extensions, which, however, are not in conforma- 
tion with the present drainage system. It consists of blue clay, 
washed or yellow clay, stratified gravel and sand, and boulders. 

The blue clay is by no means continuous. It is found in limited 
areas, and bands in various parts of the county. Sometimes it forms 
distinct ridges, as in western Bochester city and in the valley di- 
rectly east of Bochester. In such cases it usually abuts on a bluff. 

The washed clay, as its name indicates, has been worked over by 
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water since its deposition in the drift. It occupies low pond-likt 
apota, or abate on the blufib. It is lutuUy of a oniform reddiib- 
yellow color and quite arenaceous. Sometimes it is in colored 
layers of red, yellow and green. In this case its derivation ii 
probably ftom the green shale of the Trenton as well as ftom llu 
driit. The washed clay is used for bricks. 

The exposures of sand and gravel are not extensive in the puu , 
of the county examined by me. Where seen they exhibit the nsoal 
characters. The boulders are entirely absent in most parts of tlw 
coonty. In many scattered localities, again, they are abondaot; 
and in the southwest corner of the county they are often foand of 
great size. 

The following table of wells will be oseful for an analysis of the 
drift. The facta were flimished by 0. Sprague, practical well- 
digger. Mr. Spragae is an observing man, and bu probably dng 
more wells than any one else in the county ; 

J^eUs in (Hm^ed OotttUy. 

O. BFBAOCK. 



>. Farmlngtuu ■ 
5, Farmlngton.. 
S. FinnlngloD.. 
>. Fsrmtngtaii . ■ 



). Plusutaror*. 
I, Plmuntarava. 
i. PLsBiBDtGrofe. 
L, CB>cid« 



F, Bulen. 

J. D. Fallsr. 
J. P. Fotdlck. 



Fr»d.Slbeck. 

J. Colli Dl. 



1. M. WMifaii. 



Blue day. 

It reel bWk beHvy lol 

bln« day. 
IBr««tiaml; la fMt bar 
Red, bard drill. 
t-b test Boil, thin eand. 
Bed. bard drin. 
Suud all (be wav. 
Saad >11 the way. 



Cedar logs at considerable depths in the drift are found but rare- 
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ly. Mr. Spragae says they are always under the bine clay. Rot- 
ten wood is occasionally found in the blue day. 

It is a striking fact, often mentioned, that water is often found 
on the blnfDs at a much less depth than at their base. The geolog* 
ical formation satisfactorily accounts for this. 

Brick are made at many places in the county. Oronoco, Eyota, 
Pleasant Grove and Byron fhrnish brick. The most of them are 
made at Rochester. E. P. Brown burns 350,000 a year. Whit- 
comb Bros, burn, as they tell me, 1,200,000 brick per year« in five 
or six kilns. The brick here and at Brown's are machine made. 
v. Whitcomb has a small brickyard near that of Whitcomb Bros. 
In all cases coming under my observation the brick are made fVom 
the washed clay. This is in beds from two feet to ten or twelve 
feet or more. Although this material is sandy, more sand is usu- 
ally put in in making the brick, which are consequently tender, 
and of poor quality. The brick vitrify but little when burned. 

No peat was observed in the county. In some lowlands ^he turf 
is thick and comparatively free Arom inorganic matter. This will 
burn and produce some heat, but it is much inferior to proper peat. 
I saw no peat-bogs nor any extensive accumulations of peat-pro- 
ducing plants of any kind in the county. 

Gold has been found in the drift along the Zumbro from Roches- 
ter and Oronoco down to the Wabasha border and beyond. It is 
found only on the Lower Magnesian. Murchison calls attention to 
this fact as generally true. It is found in the drift about the stream, 
but mostly in the bed of the stream or in material worked over by 
it at a comparatively recent date. In the same alluvial material is 
found a small amount of black sand, of a specific gravity approach- 
ing that of gold. When the gold is obtained by washing, after all 
the other materials are washed away this heavy black sand remains, 
and the minute fragments of gold are picked out ttom it. It is 
therefore here called the '^ mother of gold,'' and the two are thought 
to be always together, a conclusion which need not necessarily 
follow. 

The gold is in minute, angular fragments. The quantity is so 
small that it does not pay to work it by the ordinary method of 
hand-washing. Washing on a more extensive scale might be made 
to pay. It has been tried two or three times, but never under fa- 
vorable circumstances, or for periods of any length. It remains 
yet to be seen whether it will pay or not. 

It may be worth while just here to call attention to the fact that 
gold is frequently found under these circumstances. It has been 
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found over extensive regions in Canada, where attempts at 
ing it on a large scale have always failed to pay. I have heard 
it in Vermont, Ohio, Wisconsin and Iowa. The Director of 
geological survey reports it from several places in Minnesota 
sides this, i. e., in Fillmore coanty, at Jordan, in Scott county, 
etc. From all these facts the conclusion may be drawn that 
prospects of its paying in Olmsted county are not good. 
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4 ft. black loam and reddish clay. 

2i ft. rabble stone. 

8 ft. of dolomitlc rock, yellow, with fine reddish lines; layers broken 2-8 

in. thick. 
8 ft. of blnish stone, less dolomitlc, in even beds 1-8 ft. thick. 
1 ft. of bluish stone, not dolomitlc in thin layers. 
8i ft. of heavy layers of blnish stone, not dolomitlc. 

17 ft. total exposure. 

Below this is a compact limestone, not well exposed. It is not 
dolomitlc and is good for burning. 

At the sawmill near the middle of sec. 17, of Milton, the road 
passes around an exposure of rock. Here are about 10 feet of shaly 
limestone and blue clay. A fine specimen of ReceptacuHUa lay.in 
the wheel-track of the road, and had been oonsidefably marred. 
Many other incomplete specimens were found. 

An eighth of a mile below this saw mill, (still in sec. 1 7 of Milton,) 
is an irregular blufiT on the south side of the stream. It is concealed 
by debris, bushes, etc., and not very accessible. The following meas- 
urements and observations were obtained with as much accuracy as 
circumstances would admit. They are taken from above : 

I 

10 ft. of yellowish limestone in thin layers. 

1 ft. of compact alamlnons layers in 2 or 8 layers. 

15 ft. of shale, limestone and blae clay in alternate layers, usually thin. 

Below, passing under the debris and probably occupying the 
present river-bed is a thick stratum of compact limestone, with a 
depth of upwards of 20 feet. BeceptaoulUes are abundant in the 
rock. 

As might be anticipated from the structure of the rock, living 
springs are abundant along these bluffs. One very fine one, the 
size of one's arm, pours out from the rock just above the sawmill, at 
a distance of 20 feet above the water of the stream. Here these 
springs are almost equal in numbers in bluffs facing north or south, 
betraying the absence of dip at this point in either of those direc- 
tions. 

Other small exposures of Trenton rock were seen in the road in 
several places within the Trenton area as marked on the accompa- 
nying map, as at sections 19 and 30 of Milton township, and in 
sections 12, 13 and 14 of Mantorville. The lower parts of the ex- 
posures at Mantorville and Wasioja are, in all probability, Tren- 
ton, but as it is Impracticable to tell where this rock begins, and 
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DODGE COUNTY. 



BT M. W. HARRINGTON. 



This county lies immediately west of Olmsted county. Its form 
is that of a rectangle. It is a small county, having four townships 
in a north and south direction, and three in an east and west. Its 
area is as follows. This table is taken from the office of the State 
Auditor, Hon. 0. P. Whitcomb : 

ARSA OF DODOB COUNTT. 



Name of Township. 



Vernon..... 
Canlsteo . • . 
Mantorviile 

Milton 

Hayfleld. .. 
Ashland...- 
Wasloja. ... 
Concord. . . . 
Westfleld... 

Ripley 

Claremont. . 
Ellington. . . 



Township. 



105 
106 
107 
108 
105 
106 
107 
108 
105 
106 
107 
108 



Range 



ARR^ IN TOWNSHIP. 



16 
16 
16 
16 
17 
17 
17 
17 
18 
18 
18 
18 



Acres. 



28,057.89 
28,111.88 
28,054.88 
22,964.09 
24,128.22 
24,128.40 
24,081.86 
24,288.99 
28.080.88 
28,008.72 
22,898.42 
22,950.72 



The total area is 280,688.90 acres, or nearly 488} square miles. 
In addition to this, Rice Lake covers 61 acres in this county. 

Drainage. — ^The water flows, for the most part, to the east and 
northeast by means of the branches of Zumbro Biver. The largest 
13 
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of these branches is the Soath Branch of the Middle Fork of ths 
Zumbro, ivhich rises in Rice Lake, on the western border of the 
county, and flows eastward through nearlj the central portion. 
The north branch uf the same stream has its scarce in the wet 
prairies in the northwest comer of the coonty and flows nearly 
eastward also. The soath fork of the Zumbro reaches this coan^ 
by two small branches which have their sources in the southeaatem 
part. Cedar Rivpr enters near the toiithwestern angle of the coun- 
ty. It drains Westfleld and a part of Hayfleld. The fall of the 
streams is Jnconsiderable in all parts of the county, but is greater 
in the northern part of the county than in the southern. 

BIcc Lake lies partly in tiiis county, partly in the county next 
west. 

Water Powers. — ^Two streams only furaish them in this ooanty. 
These are two branches of the Zumbro, both branchea of middle 
fork. The following is the list of these powers : 



Wulola.... 
BJikg'i 



. Mmod a aoo..,WHlDjB VUIbes (Hiddl* Fork. 

.D.BInlie 'Sec. 13, WmIoJ' luiddle Fork. 

d(m!*KneBUnd|UaDtorTl11eVlll|MlddliFork.l' 



3 Floiiring 



Of the above mills that at Mantorville has two powers, one about 
110 rods below the other. Agawam Mills is the latest name for 
what has been called Dodge County Mills and Bunker's Mill. An 
unimproved mill-privilege was found at Concord. The Middle 
Fork of the Zumbro rises in Rice Lake. This lake also has a nat- 
ural outlet toward Straight River on the west. 

In order to give the mills just enumerated on tbe Middle Fork 
as much water as possible the weetera outlet to the lake has been 
cut off. Yet for three or four months in the winter of 1874-5 tbe 
mills had no water. Some years, however, they continue to hare 
water the year tbroagb. The water in the North Branch is even 
more unreliable than this. 

The surface is but little diversified. The southern and soulb- 
weatern part of the county is prairie-land. In the northeastern 
portion bluffs of some bight are found along the streams. The 
southwestern part of the county is marshy and thinly settled. The 
region around Bioe Lake is also low and marshy. 
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The plats of the goyemment surveys were examined in the office 
of the county register and the following notes were made : 

Vernon (105, 16) contains considerable grub-land and a small 
thicket. The remainder is all prairie. The magnetic variation is 
from 8^ 20^ to 90 06^ 

Oanisteo. — ( 1 06, 16.) A few acres of marsh and a small pond are 
found in this township. About two-ninths of the township is set 
down as brush land. The remainder is prairie. Magnetic varia- 
tion, 8^ 26' to 90 0'. 

MdntorviUe. — (107, 16.) This township has a small marsh laid 
down about 40 acres in extent. A considerable portion of the 
township is pretty heavily wooded, especially along the streams. 
Magnetic variation, 7° 24' to 9** 10'. 

Milton. — (108, 16.) A small marsh of 25 acres is platted. The 
northern half is mostly wooded. The southeastern part is wooded, 
and isolated groves are found on the remainder. On the portions 
marked prairie are often found notes of ^^ barren thickets," ^' bar- 
rens," ^^ scattering timber," dec. Magnetic variation, 6° 45' to 
10^0'. 

Hayfield. — (105, 17.) It is but little wooded, only about 16 per 
cent. The remainder is prairie. Magnetic variation, 7° 40' to 8^ 55'. 

Ashland. — (106, 17.) A pond of about 10 acres is found on the 
eastern line of section 25. About one-ninth of the township is 
wooded. ' Magnetic variation, 7^ 55' to 8^ 50'. 

Wdsioja. — (107, 17.) A small marsh of about 160 acres is laid 
down in sections 8 and 9 ; also a patch of wet land of 240 acres in 
the western part of the township. Wood follows the main stream, 
and a few scattering patches are found elsewhere. The remainder 
is prairie. Magnetic variation* 7^ 22' to 8^ 80'. 

Concord. — (108, 17.) Eight small marshes varying from 8 to 40 
acres are platted. Some woods but mostly open. Magnetic va- 
riation, 6° 25' to 8^ 47'. 

Weatfield.— {105, 18.) Three marshes from 50 to 820 acres each 
are recorded. A little wooded land is also present. The remainder 
is prairie. Magnetic variation, 7^ 24' to 8^ 19'. 

Ripley. — (106, 18.) A stream terminates in a marsh of 100 
acres in section 4. The same is true of a long one near the north- 
east comer. In addition to these 15 marshes are laid down. They 
vary from 10 to 820 acres. Some wood is found but the township 
is mostly prairie. The magnetic variation varies from 7^ 10' to 
8' 15'. 

Cloflremowt. — (107, 18.) Besides the marsh around Bice Lake, 
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6. F. Rhodes, of Eaason, makes brick fh>m a reddish wi 
clay obtained fh>m a bank in the village of Mantorrille. He 
about 600,000 brick per year. A kiln contains 120,000 and 
40 cords of wood at a cost of $4.00 per cord. The brick eel 
$7.00 per thousand. No sand is put in the clay, and the brick 
machine pressed. The brick are tender^ like others made 
washed clay, except when the burn is exactly right. 

The clay in the bed used by Mr. Rhodes varies in the amoani 
alumina. From the richest clay he has made a batch of drain 

« 

They are tough and have the characteristic color of such tiles, 
makes three sizes which he sells as follows : 



2 inch bore at • $15 00 per thousand. 

8 inch bore at 17 50 per thousand. 

4 inch bore at 20 00 per thousand. 

In sec. 17 of Milton Township, Jacob Baumgartner has a kibii 
which he occasionally burns lime, I was unable to see either 
or quarry, but the former is said to be whitish and the stone is 
dently Trenton Limestone. 

In sec. 10 of Milton Township, N. Irish has a kiln in which 
burns lime. The stone is a bed of Travertine, light, porous 
soft, apparently 3 or 4 feet thick. The bed is at the base of a si 
knoll and seems to have been deposited by a spring now runnl 
over the bed, though Mr. Irish claims that this spring now prodni 
soft water. I was unable to ascertain the extent of the bed. 
hundred and forty barrels of lime are burnt in one kiln, which tal 
6 cords of wood, at $1.50 per cord. The lime sells at $1.00 p^j 
barrel at the kiln. Thirteen kilns a year are burned. The lime k 
very white and quick. ^ 

»-■ 
I • 

' 4 
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STEELE COUNTY. 



BT M. W. HABRINQTON. 



Position and size. This county lies in the second tier of conn- 
ties from the Iowa line. It lies next west of Dodge county, being 
the fourth in number west f^om the Mississippi river. It has the 
foim of a rectangle^ and is bounded on the south by Freeborn, on 
the west by Waseca, and on the north by Bice counties. 

The name, position and size of the townships are as follows. The 
figures were obtained from the office of the State Auditor, Hon. O. 
P. Whitcomb, with some additions from the office of the county 
register : , 

Position and Area of the Town^ips. 



Name. 



Blooming Prairie 

Aurora 

HavaDua 

Merton 

Sommit 

Somerset 

Owatonna 

ClintOD Falls 

Medford 

Berlin 

Lemond.*« 

Meriden 

Deerfleld 



T. 


R. 


• 

Acres ft Hundredths. 


105 


19 


22,621.88 


106 


19 


22,964.98 


107 


19 


22,254.04 


108 


19 


22,901.48 


106 


20 


22,982.48 


106 


20 


28,001.47 


107 


20 


22,912.82 


108 


20 


11,446.00 


108 


20 


11,488.57 


105 


21 


22,805.78 


106 


21 


28,005.80 


107 


21 


22,798.25 


108 


21 


22,826.99 



The total number of acres of land are seen to be 273,455.39. In 
addition to these there are about 428.66 acres of lake in Blooming 
Prairie; 676.33 in Havanna; 182.30 acres in Berlin; 144.46 in 
Meriden ; 601.79 in Deerfield. The total lake area in the county 
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is thas made 2,038.54 acres. Adding this to the acres of land, we 
have 275,488.98 as the total acreage in the county. 

Surface. 

This county is quite level, and is covered heavily by drift. As 
will be seen the rock appears at the surface only along the Straight 
River, near its 'exit fix>m the county. Grassy swales are common 
and characteristic of the swamps, especially in Lemond township. 
Gravelly knoles are quite common in the most of the county « espe- 
cially in the southern part. They are short and .steep in the south 
part of Somerset and the adjoining parts of Summit and Blooming 
Prairie. A long straight ridge with many boulders runs nearly on 
the township line between Aurora and Somerset. The southern 
part of the county is called the Wilderness and is not thickly settled. 
The level of the Milwaukee and St. Paul Railroad has been already 
published. The writer has been unable to get access to that of the 
Winona and St. Peter Railroad. 

The following notes were taken from the field-notes and plats of 
the government survey in Steele county, access to which was oblig- 
ingly given me by the County Register. ' The surveys were made 
in 1854. 

Blooming Prairie^ (105, 19,) was covered by thickets and low 
scrub for the most part. Marshes were numerous and there were 
two small lakes in the northern part of the township. Magnetic 
variation, 8o 10' to 9o 45'. 

Aurora. — (106, 19.) This township much resembled the last; 
thickets and scrub over the most it and numerous marshes, some of 
them quite large. Magnetic variation, 7*^ 45' to 9^ 45'. 

Havanna. — (107, 19.) This township contains the major part of 
Rice Lake. It is for the most part brushy or wooded, but the south- 
western part is prairie. Marshes are numerous but not large. Mag- 
netic variation, 7° 44' to 9^ 25'. 

Merlon. — (108, 19.) This township was found to be wooded on 
the south side and in the northwest corner. The remainder was 
prairie. A large marsh was located in sections 23 and 24, and 
many smaller ones were scattered over the county. Magnetic va- 
riation, T 37' to 9« 23^ 

Summit^ (105, 20) was wooded in the eastern half, prairie in the 
western. A large branching marsh is located along the streams, 
and there are a few isolated marshes. A stream from the south 
loses itself in the southwest corner of section 20. Magnetic varia- 
tion 9** 18' to lOo 28'. 
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Somerset (106, 20) had several sections of prairie in the north- 
east comer, and the portion of the township lying west of the 
Straight River was prairie; otherwise it was wooded. The marshes 
platted are few and not large. Magnetic variation, 9^ 13' to 10o45'. 

Owatonna, (107, 20.) A band of woods, 2-5 miles wide, crosses 
the township accompanying the Straight River, and lying on its 
eastern bank The remainder is prairie. The banks of the stream 
were bluffy. Magnetic variation, 9° 10' to 10° 45'. The site of the 
city of Owatonna was already in part claimed when the survey was 
made (1854.) 

Clinton Falls (south half of 108, 20) was mostly wooded, though 
a wedge of prairie lay between the Straight River and Crane Creek. 
There was also a little prairie on the eastern border. There was a' 
long marsh platted in sections 26 and 27. Magnetic variation, 
90 Ky—io^ 30'. 

Medford.—{novih half of 108, 20.) This township is prairie, ex- 
cept for a wooded strip 2-4 miles wide, east of the river. .The 
banks of the stream are rather bluffy. The claims of Sanburn, in 
section 16, Collings and Johnson, in 9, and Wright, in section 5, 
were already made. Magnetic variation, 80 35' to 10^ 30'. 

Berlin^ (105, 21,) was wooded through the center of the town- 
ship ; the remainder was for the most part prairie. The plats indi- 
cate marshes along the streams, and some other scattered marshy 
spots. Near the center lie Looigana and Beaver lakes, and in the 
southwestern part a pond. Beaver Lake is now said to be deep 
and clear, and to contain only soft water. This item, and much 
other valuable information concerning this county, the writer owes 
to Rev. G. C. Tanner, superintendent of schools for the county. 
Magnetic variation, 8° 45' to l(P 34'. 

Lemond, — (106, 21.) The northwest part was woody and marshy, 
and there are besides two or three isolated groves of small extent. 
An extensive marsh crosses the north end of the township. Mag- 
netic variation, l(P 00' to 11° 13^ 

Meriden. — (107, 21.) This township was nearly all prairie, a little 
wood being found north ot Crane Creek and also a small amount in 
the southern part. The land along the creek was marshy. On the 
northern boundary a small lake was found. Magnetic variation, 
10° 22^ to 11° 30'. 

Deerfield, — (108, 21.) A lake enters from the south. Another of 
about 220 acres is platted just northeast of this, and near it is a 
pond of about half the size. All the township was wooded except 
the northwest corner, which was prairie. Extensive marshes were 
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platted in the soathern and western part. Magnetic variation, 9^ 
30' to no 40'. 

On comparing the magnetic variations given above, it is found 
that the extremes are 7^ 87' in Merton, and lio 40' in Deerfield, be- 
ing a variation of more than 4^ in one small coanty. 

Drainage. 

This county is well provided with lakes, as may be seen in the 
preceding notes. Marshes also are numerous. These are due to 
the level character of the country, and to the very slight elevation 
of one part above another. The small amount of the elevation is 
farther shown by the sluggishness of the currents in the various 
streams. The course of the Straight river shows that what eleva- 
tion there is in the county, its increase occurs as we travel south- 
ward. But, although the county is very nearly level and has little 
change in elevation within itself, its elevation with reference to the 
rest of the State is considerable. This is shown by the fact that 
two streams origninate here, viz. : the Straight river, in the soathern 
part of the county, and a branch of the Zumbro in Bice Lake. It 
is worthy of re^nark here, though it was mentioned in the report on 
Dodge county, that Rice Lake has a natural outlet into the Straight 
river as well as into the Zumbro. 

The small amount of fall of the streams limits the mill privileges 
in this county. The mills are found only on the Straight River, at 
Owatonna, and north. 

The City Mills at Owatonna, Drought & Whitson, owners. They 
have 7 feet head of water, and three run of stone. It is a custom 
mill, but does a little flouring business. 

Clinton Mills are at Clinton Falls, Sherman & Winship, owners. 
They have 10 feet head of water, and thfee run of stone. It is a 
custom and flouring mill. 

Medford Mills are at Medford, White, Beynon & Co., owners. 
They have 10 feet of head of water and 4 run of stone. They do 
only a flouring business. 

There is said to be an available water-power, unimproved, at Lin- 
densmith's between Owatonna and Clinton Falls. 

Timber. 

The time spent in this county was not long enough to make out 
a list of the woody plants at all approaching completeness. The 
following were noted : 
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Bass wood. [TUia Americana. L.) 

Smooth Samach. [Bhua glabra. L.) 

WUd Grape. {VitU.) 

YirgiDla Creeper. (Ampelopais quinquefolia, Michx) 

New Jersey Tea. {Ceanothus Americanus, L,) 

Sugar Maple. {Acer saccharinum. Wang.) 

Silvery Maple. {A. datucarpum. Ehr.) 

Red or Swamp Maple. CAcer rubrum, L.) 

Box-elder. {Negrundo aceroides. Motnch.) 

False Indigo. {AmorphafruUcosa. L.) 

Locust. CHobinia Pseudacacia. L.) Cultivated. 

Wild Yellow or Red Plum. (Prunus Americana. Marshall.) 

Cherry. {Prunus.) 

Red Raspberry. {Biibus strigosus, Michx.) 

Blackberrv. {B. villosus. Ait.) 

Crab. {Pyrus arbiUifolia. L.) 

Dogwood. Comus paniculata. UHer.) 

Woltberry. {Symphoricarpus occidentalis. B. Br.) 

Ash. {Fraxinus.) 

Slippery Elm. (Ulmusjulva. Michx.) 

White Elm. (U.Americana. L. pi. Clay t.) 

Butternut. {Juglans cinerea. L. ) 

Walnut. {Juglans nigra. L.) 

Hickory. (Carya.) 

Bur Oak. {Quercus macrocarpa, Michx.) 

Black Oak. (^Quercus cocdnea^ Wang, var tinctorial Bartram.) 

Wild Hazel-nut. (^Corylus Americana. Walt.) 

Iron- wood. {Ostrya Virginica. Willd.) 

America Aspen. {Populus tremuloides. Michx.) 

Cottonwood. {P. monilifera. Ait.) 

Largetoothed Aspen. (P. grandidentata. Michx.) 

Balm of Gllead. (P. balsamifera. L. Var. candieans. Ait.) Cultivated. 

Geology. 

The heaviness of the drift over this county effectaally covers all 
the rock. The slight fall of the river enables it to uncover but little 
thus covered up. The only exposure of rock in the county is at 
Lindensmith's, about two miles below, and this exposure is but a 
slight one. 

The rock is Trenton Limestone^ and is first met at John Abbott's 
quarry, in section 33, of Clinton Falls. It is in the bed and on the 
low banks of the Straight River. The exposure at the time vis- 
ited extended only about 4 feet above the surface of the water. 
The rock is in horizontal layers, 2-6 inches thick. It is blue on 
fresh fracture, yellow when weathered, compact, sparry, and con- 
tains many minute fragments of blue shale, like the corresponding 
rock at Minneapolis. 
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Jast below, on section 28, is Lindensmith's qoarry. The rock is 
in thicker layers than in Abbot's quarry. The following section 
was seen in one place, beginning above : 

2 feet loam. 

2 feet bine clay and llmestODe Id thin layers. 

4 feet— to water's surface — compact blue limestone, in thin layers. 

The rock is like that in Abbott's quarry. Near by was another 
section as follows : 

2i ft. black and red loam. 

2 ft. hard yellow clay. 

7 ft. blue stone in layers 2-5 inches thick, extending to surface of water. 

Below this there is no more rock until the county line is passed. 
At Wolcott Mills, about l^ miles in Rice county, blue Trenton 
limestone has been quarried in the bed of the river. 

No fossils were found in the rock. This stone is used for flag- 
ging and other purposes at Owatonna, and is considered a good 
stone. 

Some evidence of the existence of a Cretaceotu area in the State 
was found. On the southeast quarter of section 26, of Deerfield, 
on the farm of Aug. Hoffmann, coal has been found in sinking a 
well. Dr. G. A. Rossbach tells the writer that they went through 
25 feet of black-blue clay, in the under part of which were fragments 
of coal. After that they passed through gravel in which also were 
coal fragments. At the depth of 63 or 64 feet rock was struck, the 
drill showed it to be black slate with pieces of coal imbedded in it. 
Although no specimens of the coal were seen by the writer the de- 
scription given would answer for Cretaceous lignite. When the 
matter is further explored by capitalists which will, in probability, 
soon happen, all doubt as to the geological horizon of the rock will 
be cleared up. Meantime the evidence from the geology of adjoin- 
ing counties, as well as the nature of the*rock itself, justifies us in 
calling the rock Cretaceous. Just west of Owatonna another farmer 
is said to have struck coal also, though the writer was unable to get 
any further information on the matter. 

The Drift is here, as already mentioned, very heavy. Sections 
of it were seen at several places. A gravel-knoll cut through at 
Owatonna showed one foot of black loam on the top, then four feet 
of yellow, sandy clay, then seven feet of assorted sand and gravel. 
Other sections along the railroads showed essentially the same 
arrangement. Among the gravel-pebbles, fragments of argillite 
were common. 



SUBVET OF MIKNE80TA. 113 

The Owatonna mineral springs should be mentioned. They are 
nine in number, and are located about one and one-half miles north- 
east of the city. They lie along Maple Creek, at the base ot a low 
clayey bluff. Of the five seen by the writer, four deposited iron. 
The water of the fifth had a decidedly bluish tint. Fountain spring 
was put down 22 feet and now flows out Areely, raising the water 
about five feet above the surface. The others are natural springs. 
They are all undoubtedly due to the clay-floor underlying the loose 
materials of the drift. The taste of the water in the five visited 
by me was slightly mineral. The analysis of , the water, published 
by the Owatonna Mineral Springs Company is appended. To 
which of the springs this analysis belonged could not be ascer- 
tained: 

In one gallon, or 281 cubic inches, there are : 

Chloride of Sodium 16S0 grains. 

Sulphate of Sodium 8856 <* 

Bicarbonate of Sodiom 1.8692 '* 

Bicarbonate of Calciom 18.1992 '< 

Bicarbonate of Magnesiom 5.2920 " 

Bicarbonate of Protoxide of Iron 6160 <* 

Alumina 2800 ** 

Silica 1.1200 «« 

Organic Matter a trace. 

Total •* 22.8200 grains. 

Cornell Brothers, at Owatonna, manufacture stoneware. The 
clay employed is a fine, rich, plastic, blue clay, and is at present 
obtained from Eldora, Hardin county, Iowa. This bed of clay is 
being exhausted, and its quality is deteriorating. This has deter- 
mined the firm to try a gray clay found about one mile east of 
Owatonna. This is the same layer of clay which crops out at the 
mineral springs near the city. It has been found to work well. 
Excellent fire-brick is made from this clay. This firm has just 
started in business. They make about 1,000 gallons a week in 
jars, jugs, Ac. 

Dr. £. N. Morehouse makes brick from a bluish, yellow, washed 
clay, near Owatonna. He puts in the clay about one-third sand. 
He makes 225,000 bricks a year, for which he charges $8.00 to 
$12.00 per thousand, according to quality. He uses 50 cords of 
wood for every 100,000 of bricks. The wood costs $3.00 per cord 
at the place of cutting. The bricks are, like all of those made Arom 
15 
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the washed clay, not first-class. Dr. Morehonse has experimented 
OD making unglazed red ware from his clay, with fair results. 

Odell and Cornell also make bricks pear Owatonna. Bricks are 
also made on the farm of Mr. Skinner, near Blooming Prairie. 

An artesian well has been subscribed for at Owatonna, and will 
probably soon be sunk. It must obtain results of great value for 
the Greological Survey. 
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The lists of railroad elevations given in the first annual report 
carried a net work of levels over the most of the inhabited portion 
of the State. They demonstrate the nearly level condition of the 
general surface of the State. The changes of level are, in that 
portion through which railroad lines have been run, of the nature 
of broad swells in the substructure, and indicate the changes in the 
geological formations, that bring on a series of hard and very en- 
during rocks, or a thickness of more erosible layers. Thus the 
Upper Devonian, in the southern tier of counties, is characterized 
by a considerable elevation above the formations that underlie it. 
llie level surface that characterzes the Cretaceous in Steele and Dodge 
counties, as well as in much of the western part of the State, is at- 
tributable to the effect of that formation in toning down, and con- 
cealing, the irregularities in the old Devonian and Silurian surfaces. 
Thus there subsists a very intimate relation between the topo- 
graphy and the geology in the various parts of the State. The 
illustrations that have already been given in the report on the 
geology of Fillmore county, are still more striking proofs that the 
topography of a country is that which gives the first response to 
the enquiring geologist when locating the geological boundaries. 
For this reason it is highly desirable that all lines of railroad sur- 
vey, which have been run in the State, should be made tributary to 
this end. It matters but little whether the railroads for which such 
surveys were intended were ever constructed. All that is needed 
is the comparative bights of the points along a known line. The 
undulations of the surface are very significant to the geologist. 

The following lists are given as a fhrther contribution to this 
subject; They have been furnished by the engineers of the Chicago, 
Milwaukee and St. Paul Railroad, and refer the points named to 
the level of the ocean. They pass through some of the principal 
cities and the wealthiest counties of the State. 
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KAILKOAD ELEVATIONS. 



THE CHICAGO, MILWAUKEE AND ST. PAUL R. R. 
From the BecordSy by Bobert Angst. 

IOWA AKD MINITBSOTA DIVISION. 

lNot€.^The track is designated in all cases, when not otherwise men- 
tioned.] 



State Line, Lyle 

Rose Creek, (Grade) 

Rose Creek, (Bottom) 

Dobln's Creek, (Grade) 

Dobin's Creek, (Bottom) 

Y at Austin Junction. . . 

Austin, (Station) 

Wolf Creek, (Grade) 

Wolf Creek, rBottom) 

Cedar River, (Grade) 

Cedar River, CBottom) 

Ramsay, (Crossing S. M. R. R.) 

Indian Creek, (Grade) 

Indian Creek, (Bottom) 

Lansing 

Ingham's Creek, (Grade) 

Ingham's Creek, (Bottom) ' 

Top of swell, NE. i Sec. 88, Udolpho, (Cut 3^ feet) 

Swell, half a mile south of Madison, (Cut Ih feet) 

Madison 

Top of divide 7k miles N. of Madison, (Natural Surface) 

Top of divide 7^ miles N. of Madison, (Grade) 

Blooming Prairie, (Depot) 

One-half mile S. E. of Aurora, (Bottom of marsh) 

One-half mile S. E. of Aurora, (Grade) 

Aurora Station. Sec. 17, Aurora Township 

Havana. S. W. i sec. 81 

Top of divide between Havana and Owatonna. Sec. 24, (Grade 

and natural surface) 

Winona and St. Peter Crossing. Owatonna 

Owatonna, (Depot) • . • • 



Above 
the Ocean. 



Feet. 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 



099.46 
085.41 
068.08 
094.76 
071.46 
094 45 
097.06 
108.06 
076.06 
100.00 
080.06 
114.86 
110.06 
096.56 
124 06 
120.86 
107.56 
143.56 
149.56 
150.06 
149.50 
146.00 
185.76 
106.56 
114,56 
150.66 
118,62 

141.06 
041.56 
041.56 



8VBTBT or MIDBBSOTA. 



Hsple Creek, (Onde) 

H»p)e Creek, (Bottom) 

ClintoQ Divide. SecUoD SI, i mile South of road-crouing, (cnt 

»fcet) ■ 

Hedlbrd i 

StmigM Blver, (Gr«de) 

Str&lgbt River, (Bottom) 

Divide In Wolcott. 8. W. 1 sec 19, (Nataml anrOice) 

Divide 1Q Wolcott. 8. W. 1 a«c. 19, (Grade) 

Fftrlbult 

CuuoQ Hlver, (Onule) 

CaDDon Blver, (Bottom) 

Divide in Cbduod City Townahip. N. B. i sec. 34, (Natorsl 

Hur/ace) 

Divide in CuanoD City Tovrnahlp. N. E. ^ sec. 31, (Qrade) 

Bottom Qt !^vr&mp, five miles N. of Farlbaalt 

Five miles S. of Faribault, (Grade) 

Divide, 8. W. i see. SI. Bidgewater, (Natnral aarface) 

Divide, 8. W. i aec. 81. Bridge water, (Grade) :..• 

Wolf Creek, (Grade) 

Woir Creek, (Bottom) 

Dandaii. Depot 

Sprlag Creek, ]} miles B. W. o( Nortbdeld, (Grade) 

Spring Creek, ij mlleaS. W. ofNorthfleld, (Bottom) 

Heath Creelf, (Grade), 

Heath Creek, (Bottom) 

Norlhlleld Depot 

S. end ofPlaUan, 2 ma. N. of Korthfleld, (Nat. anrOI oTj . 
S. end or PUteaa, 2 ms. N. of Northfleld, (Grade).... [ " ^'S 
N. end of Plateau, 8 ms. N of Norlhlleld. (Nat. anr.).. f o£fi 

N. end of Plateau, S ms. N, of Northiluld, (Grade) J £^ 

Foot of slope, near Chub Creek. (Grnde audnat. sor.) 

Foot of slope, 6 miles from Noribiletd. (Natural Sarface) 

Foot of slope, Smliea ftom Iforthfleld, (Qrade) 

uaatle Rock Depot 

Divide, sec. 18, Castle Rock Tp., (Natural Surftce) 

Divide, aec. 18, Castle Rock Tp., (Grade) 

Divide, one mile soath of FarmlDgtoi), (Natural Surface) 

Divide, one mile aoatb of Farmlngtoo, (, Grade) 

FarmlDgton 

FarmlDgtou, Cronslng H. 1 D. A. B 

TermilllOD River Crosslug, (Bottom) 

VErmilllonKlverCroealng, (Grade.) Boiling aarface to— 

RosL-mont Di-'pol. Rolllug surface to — 

Weatcott Station 

St. FaDl.Tunctlou (at Mendota) 

CroHdiLigorthe St. Puul & Slonz Clt; R. R., HendoM 

MeD dots Julie clun. 

Crossing of the Mlneaota River. Fort Snelllng 

CroBBlDK of the Minnesota River, (Bottom) 

7(jrt Snelllng Slntlou 

HlnQfhaba Station 

Mlnnebaha Creek (grade) 

Htnnehaba Creek (bottom) 

Minneapolis Depot 



9BT.08 
986.40 
ftSS.OS 
1,061.06 
1,OM.O< 
998.06 

»se.Tl 

948.B6 

1,089.06 
1,007 X>6 
961.M 
998.06 
1,086.66 
1,027.66 
964.66 
886.06 
946.71 
907.06 
894.00 
91S.0S 
894.66 
906.71 
973.06 
960.06 
969.06 
969.06 
818.06 
910XM 
918.06 
926.76 
1,004.46 
998.66 
904.81 
898.81 
894.09 
891.81 
879.06 
88B.06 
960.06 
878.06 
749.90 
,718.40 
71240 
708.48 
662.60 
713.SO 
802.80 
806.20 
792.10 
816.00 
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NcQtegor JHoitUm. 



State Line, Dear Le Boy, Mower coanty (Nat. Sar. and Orade). 

Le Ley Depot 

Diyide, section 28, Le|Roy, (Natural Surface) / 

Creek 2i miles west of Le Roy (Grade) 

Creek, 2i miles west of Le Roy (Bottom) 

Creek, 2| miles west of Le Roy (Orade) 

Creek, 2} miles west of Le Roy (Bottom) 

Taopi, Cformerly Bellevae) section 16, Lodi (Grade) 

Divide, i mile west of Taopi section 17 (Natural Surface) 

Divide, { mile west of Taopi section 17 (Grade) 

Adams, (Grade) 

Creek, i mile west of Adams, (Grade) 

Creek, {mile west of Adams, (Bottom).... 

Little Cedar river crossing TGrade) • 

Little Cedar river crossing (Bottom) • . . 

Divide, } mile west of the Little Cedar (Natural Surface) 

Divide, | mile west of the Little Cedar (Grade) 

Rose Creek Station 

Rose Creek Crossing, (Grade)... 

Rose Creek Crossing, (Bottom)..... 



Above 
the Ocean. 

Feet. 

1,168.47 

1,180.67 

1,806.47 

1,186.67 

1,167.97 

1,186.67 

1,170.47 

1,286.47 

1,246.47 

1,248.47 

1,176.47 

1,174.47 

1,169.47 

1,172.47 

1,162.47 

1,208.47 

1,201.17 

1,144.97 

1,186.47 

1.122.47 



Siver Dimsion. 



Low water at St. Paul 

Grade of the L. S. & M. R. R., St. Paul, (near the old ware- 
house on the trestle work) 

Dayton's Bluff, St. Paul, (Grade of R. R.) 

Newport Station 

Langdon 

Hastings Depot, (Junction H. & D. R. R.) 

Etter 

Red Wing 

Frontenac 

Lake City 

Reed's Landing 

Wabasha 

Kellogg 

Weaver 

Minneiska - 

Minnesota City 

Crossing of the Winona A St. Peter R. R. (St. Peter Junction). 

Winona 

Homer 

LaMollle 

Richmond ^ 

Dakota 

Dresbach • 

La Crescent lime kiln, N. side of Houston county (Grade) 



672.84 

692.84 
696.84 
787.87 
799.84 
696.81 
677.84 
678.84 
707.84 
691.84 
669.84 
699.24 
689.09 
660 84 
659.44 
664 44 
662.92 
649.44 
650.54 
647.44 
660 94 
644.44 
668.44 
687.44 
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Hastings and Dakota B. B, 



Hastings. Junction with the Klver Division Mil. & St. P. R R. 

Edge of prairie 8 miles W. of Hastings, Sec. 6, Marshan, (Qrade 

and Nat. Sarf.) 

Thence slightly rolling snrfoce, or nearly level, to— 

Nine and a half miles W. of Hastings, (Grade) 

Nine and a half miles W. of Hastings, (Nat. Snr .) 

Anbnm 

Sec. 27, Empire. Change of grade, (Nat. Snr.) 

Sec. 27, Empire. Change of grade, (Grade) 

Farmington, Crossing of the I. and M. Division 

Fairfield, rLakevllle) 

26!l mUes nrom Hastings, (Nat. Surface) 

2di miles ftrom Hastings, (Grade) 

i mile £. of Prior Lake Station, (Natural Surface) 

imUeE. of Prior Lake Station, (Grade) 

Prior Lake Station 

Prior Lake, (Surface ot water) 

Prior Lake Crossing, (Bottom) 

Cut i mile W, of Prior Lake Crossing, (Nat. Surface) 

Cnt i mile W. of Prior Lake Crossing, (Grade) 

Cnt 8 miles W. of Prior Lake Station, (Nat. Surface) 

Cut 8 miles W. of Prior Lake Station, (Grade) 

8 miles W. of Prior Lake Station, (Nat. Surface) 

8 miles W. of Prior Lake Stetion, (Grade) 

Shakopee, Crossing of the Sioux City R. R 

Shakopee, Crossing of the Minnesota River, (Bottom) 

Shakopee, Crossing of the Minnesota River, (Low water) .... 

Shakopee, Crossing of the Minnesota River, (High water). ... 
[Extreme range of water, 27.1 feet.] 

Shakopee, Crossing of the Minnesota River, (Grade) 

Chaska depot 

Chaska, Crossing of the Minneapolis and St. Louis R. R 

Carver depot 

Carver, Crossing of highway i m. W. of depot, (Ravine, Bot- 
tom oO 

Carver, Crossing of highway i m. W. of Depot, (Grade) 

Dahlgren, (Grade) 

Dahlgren Station, (Nat. Surface) 

Divide a m. W. of Dahlgren Station, (Nat. Surfiice) 

Divide i m. W. of Dahlgren, (Grade) 

Carver Creek crossing, (Bottom) 

Carver Creek crossing, (Grade) 

Benton Station, Divide, (Natnral Surface) 

Benton Station, Divide, (Grade).... 

Divide } m. W. of Bonngard*s Crossing, (Nat. Surface) 

Divide } m. W. of Bonngard's Crossing, (Grade) 

Young America 

Tiger Lake, Sec. 16, (Surface of water) 

Divide 8«| miles W. of Tonng America; i m. E. of County Line, 
(Nat. Surface) 

Divide Bh ms. W. of Young America; H m. E. of (^. Line, (Grade) 

Bnilklo Creek Crossing, (Bottom) 

Buffalo Creek Crossing, (Grade) 

Divide «| mile E. of Glencoe, (Nat. Surface).. 

Divide i mile E. of Glencoe, (Grade) 

Glencoe Depot 



Above 
the Ocean. 

'Feet. 
696.81 

814.81 

814.81 
822.81 
848.81 
877.81 
876.81 
891.81 
980.81 
1,079.81 
1,069.81 
960.81 
948.81 
986.81 
896.81 
871.81 
952.81 
926.81 
915.81 
890.81 
749.81 
750.81 
742.81 
657.81 
679.81 
706.41 

714.81 
715.21 
716 81 
802.11 

786.81 
805.00 
968.81 
975.81 
976.81 
970.81 
895.81 
917.81 
948.81 
984.81 
987.81 
97881 
977.81 
966.81 

997.81 
991.81 
958.81 
970.00 
1,018.81 
1,008.81 
990.01 
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Hasting and Dakota R. R. west of Glencoe, as snireyed In 1871 by F. A. 
Kimball, commencing on the range line between 80 and 81, at Ronod 
Grove, eighteen miles west of Glencoe.* From J. T. Dodge. 



Glencoe Depot. Station 2,464.50. 

Nearly level to 
SUtion, 8,407 



















































































*4 4 

















8,460 

8,600 

8,810 

8,660.. 

8,670 

8,686 

8,600 

8,626 

8,646 

8,666 

8,680 

8,698 

8,710 

8,726 

8,780 

8,840 

8,866 

8,880 

4,000 

4,100 

4,140 

CUndnlations 5-10 feet.) 

4,800......* • 

4,890 

4,400 

4,500 

4,600 

4,610 

4,668 

4,706 

4,720 

4,740 

4,762 

4,774.. 

4,780 

4,802 (E. Fork of Beaver Creek). 

4,820 

4,860 

4,870 

4,940 

4,980 ( W. Fork of Beaver Creek) 

4,992 

6.080 

6,100 

6,140 In N. E. i Sec. 26, 116-86. 

5,160 

6,166 

6,170 

5,190 



Above 
the Ocean. 



Feet. 

990.01 

1,086.81 
1,046.81 
1,056.08 
1,046.08 
1,061.03 
1,064.00 
1,062.00 
l,O66.0G 
1,069.00 
1,068.00 
1,056.00 
1,066.00 
1,066.00 
1,069.00 
1,058.00 
1,058.00 
1,060.00 
1,088.00 
1,071.00 
1,071.00 
1,082.00 
1,067.00 

1,072.00 
1,088.00 
1,072.00 
1,086.00 
1,089.00 
1,079.00 
1,094.00 
1,070.00 
1,082.00 
1,068.00 
1,074.00 
1,060.00 
1,074 00 
1,086.00 
1,060.00 
1,071.00 
1,060.00 
1,051.00 
1,021.00 
1,049.00 
1,047.00 
] ,045.00 
1,047.00 
1,041.00 
1,056.00 
1,045.00 
1,046.00 



* From Roand Grove to Beaver Creek the sarvey wae nearly in a doe west coarse. 
From Hawk Creek to Big Stone Lake It ran trom foar to six miles north of the Minnesota 
River. 
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Stotloo, 5,280 

** 6,860 

*« 6,800 

(Undulations of 16 feet.) 
«• 5 300 

" 6',4a0 (Sec. 18^*18, B. sz-ie.')' ! .' . .'.."!!!!. .' '. 

(Undalations.) 

*' 6,460.. 

" 6,490 

•« 6,670 

'* 6,610 

(Undnlationfl between 1,086 and 1,061.) 

" 6,740 

«« 6,760 

«• 6,760 

«• 6,790 

«• 6,810 

" 6,880 

" 6,900 

•* 6,980 

«« 6,947 

•• 6,970 

•• 6,020 

•* 6,028 (Hawk Creek) 

" 6,080 

«« 6,040 

«• 6,090 

•• 6,094 

6,096 (Creek) 

'* 6,100 

" 6,140 

** 6,142 

" 6,146 

•* 6,280 

•• 6,816 

«• 6,840 

«* 6,400 

•« 6,417 

" 6,460... ••,. 

. (Undalatlng 6-10 feet.) 

" 6,600 .* 

" 6,626 

•* 6,660 

" 6,672 

" 6,780 

*« 6,770 

" 6,820 

•• 6,824 

" 6,826 

*• 6,828 

" 6,860 

" 6,870 

«* 6,880 

" 6,910 

«• 6,980 

" 6,960 

'' 6,968 (B. 40^1, Sec. 81-86.) 

" 6,990 

16 • 



Aboye 
the Ocean. 

Feet. 
1,057.00 
1,072.00 
1,T)66.00 

1,048.00 
1,042.00 

1,022.00 
1,046.00 
1,056.00 
1,041.00 

1,081.00 

1,026.00 

1,088.00 

1,048.00 

1,081.00 

1,089.00 

1,026.00 

1,088.00 

1,028.00 

1,086.00 

988.00 

970.00 

999.00 

1,007.00 

1,009.00 

1,010.00 

989.00 

1.008.00 

1,012.00 

996.00 

1,012.00 

1,081 00 

1,010.00 

1,018.00 

1,004.00 

988.00 

1,021.00 

1,014.00 
986.00 
997.00 
988.00 

1,008.00 
987.00 

1,000.00 

1,001.00 
980.00 
996.00 
980.00 
970.00 
988.00 
978.00 
941.00 
969.00 
969.00 
984.00 
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Station, 



c« 
(( 
(( 
c< 
«( 

tc 
»< 
<( 
{( 
ti 
c< 
tt 
<c 
(( 
«( 
ti 

14 

cc 
« 
•c 
c* 

• 4 

(4 

44 

44 

44 

44 

44 

44 

«4 

44 

44 

44 

44 

44 

44 

<t 

4< 

44 

44 

44 

44 

44 

44 

t( 

14 

«4 

• < 

4i 

C< 

44 
<4 
4( 



7,070 

7,090 

7,149 1 

7,160 (Chippewa River) 

7,164 

7,260 

7,820 

7,a60 

7,370 

7,390 

7,408 

7,406 

7,415... 

7,426 

7,482 

7,490 

7,690 

7,608 

7,680 

7,646 

7,690 

7,790 

7,860 

7,910 

8,080 

8,089 (Pomme de Terre River) 

8,060 

8,120 

8,240 

8,810 

8,870 

8,890 

8,420 

8,480 

8,600 

8,660 

8,680 

8,640 

8,700 

8,800 

8,850 

8,880 

8,980 

8,970 

8,994-6 

8.998-9,000 

9,008. (Creek) 
9, 



.008 



9,080 

9,060, (Sec. 18,121.46) 

9,100 

9,110 

9,140. 

9,170 
9,190 



(UndQlations, 10-16 feet.) 



9,200, (Opposite foot of Big Stone Lake, li ma. SB.of it) 
Big Stone Lake, opposite Sta. 9,816 



Above 
the Ocean. 

Feet. 

981.00 

926.00 

928.00 

918.00 

981.00 

918.00 

984.00 

916.00 

91SJ0O 

988.00 

926.00 

940.00 

982.C0 

950.00 

941.00 

968.00 

9744)0 

991.00 

986.00 

969.00 

977.00 

98000 

997.00 

981.00 

986.00 

960 00 

986.00 

994 00 

1,000.00 

986.00 

996.00 

1,017.00 

1,018.00 

987.00 

986.00' 

991.00 

986.00 

1,002.00 

1,012.00 

1,017.00 

1,088.00 

1,012.00 

1,016.00 

1,018.00 

978.00 

990.00 

966.00 

1,011.00 

1,017.00 

1,006.00 

1,041.00 

1,044.00 

1,068.00 

1,072.00 

1,079.00 

1,077.00 

988.60 
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BEPOET ON THE GENEEAL MUSEUM. 



CONTAINING THE COLLECTIONS OP THE GEOLOGICAL 
AND NATURAL HISTORY SURVEY FOR 1876. 



BY N. H. WINCHELL. CURATOB. 



The Masenm of the State University, at Minneapolis, is designed 
to exemplify to the people of the State the natural resoaroes of the 
State of Minnesota, so far as the same are covered by the investi- 
scations ordered by the law creating a geological and natural history 
survey. It is also designed to afford to the students who may 
avail themselves of the instruction offered by the University, the 
means of illustration needed in the study of the Natural Sciences. 
In addition to the collections directly made by the survey, the law 
orders a system of exchanging with other institutions with a view 
of so augmenting the number of specimens' on exhibition as to com- 
prise finally a tolerably complete series of the different species and 
objects of interest and curiosity that are afforded by the Natural 
Sciences. 

Prior to the commencement of the Geological and Natural His- 
tory survey, there was a nucleus of a museum already in existence 
in the University. This comprised a variety of otafeots, many from 
the State of Minnesota, and others from foreign localities. The 
collections that have accumulated since the survey began have been 
withheld necessarily from exhibition owing to the lack of suitable 
room with proper cases and furniture for their exhibition and pre- 
servation. During the past year, however, the new University 
building having been substantially completed, room has been set 
aside for the museum, and a set of cases are rapidly approaching 
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completion, suitable for the reception of some, if not all, of the col- 
lections that belong to the museum. 

The mammals that were collected in the Black Hills, mentioned 
in the last statement on the condition of the museum, have been 
mounted by Prof. H. A. Ward, of Rochester, New York, and are 
only awaiting the arrangement of the room to be set up in the Uni- 
versity. They comprise antelope, male and female, deer with young, 
elk, elk head, badger, grizzly bear with young, and weasel. The 
moose which was secured last winter has also been mounted by 
Prof. Ward, and for the same reason is not on exhibition. It is 
kindly kept in store by Prof. Ward till our rooms are ready. This 
fine specimen was killed in December, 1874, by Peter Toung, 
('' Wild Pete,") in the east part of Otter Tail county, on the north 
end of Parker's Prairie, after having been pursued about five miles. 
He was seen about a mile away, coming toward the hunter, on a 
trot, and passed within six rods of him. The first shot put a, ball 
through his throat, but it required four or five more to bring him 
down. He was billed as freight to St. Paul, after the entrails were 
removed, with a weight of 590 pounds. His fiesh and bones, with- 
out the neck and lower leg-bones, weighed 465 pounds. The spe 
cimen, as mounted, is pronounced one of rare size and perfection. 
In procuring and caring for this moose, before he was sent to Prof. 
Ward, Messrs. Wm. A. Van Slyke and Merrill Ryder, both of St. 
Paul, rendered much assistance. 

In August the generosity of a few citizens of Minneapolis aided 
the Board of Regents to make the purchase of a fine set of Prof. 
Ward's casts. These are in plaster of paris, and are of life size, 
and will give the rooms assigned to the Museum a very attractive 
appearance. The contributors to this fund were the following gen- 
tlemen : 

Judge E. 8. Jones $50 00 

Gov. J. S. Pillsbury 160 00 

Hon. L. Butler 160 00 

Dr. H. H.KimbaU 10 00 

R. J. MendenhalLli 10 00 

Hon. E. M. Wilson 10 00- 

Hon. K. B. Langdon 60 00 

Hon. H. T. Welles 60 00 

S. C. Gale, Esq ' 26 00 

Chute Brothers 10 00 

Judge Isaac Atwater 16 00 

D. S. Story 6 00 

Jonathan Chase loo 00 
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Anthony Kelly 5 00 

Wyman Elliott 5 00 

ThomAsLowry 26 00 

Hon. A. M. Reid 26 00 

Hon. Paris Gibson 25 00 

The fall cost of the sej^ was $1,500. It embraces the following 
specimens : 
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LIST OF WAEFS CASTS OF FOSSILS IN THE 

UNIVEBSITY MUSEUM. 



VERTEBRATA. 

MAMMALIA. 

[Note.— The nambers prefixed are those of Prof. Ward's Catalogue.] 

2. Homo Bngis Cayern, Belgiom. 

Pleistocene. 

4. Homo Gnadaloiipe. 

Modem Concretionarj Limestone. 

4. (C.L.) Mesopithecns Pentelici. Wagner Pikermi, Greece 

Upper Miocene. 

7. (C. L.) Machairodus cultrldens. Cuv Pikermi, Greece. 

Upper Miocene. 

11. HysBna eximia. Wagner Pilcermi, Greece. 

Pleistocene. 

16. Amphicyon major. Lartet Sansans, S. France. 

Miocene Tertiary. 

16. Ursus spelflBus. Blum, (sknll.) Cave of Gallerneath, Bavaria. 

Quaternary. 

17. Ursus spelfldus. B2tim, (pair of molars ). Cave of Gailenreuth, Bavaria. 

Quaternary. 

18. Ursus speleeus. Blum, (canine tooth.).. Cave of Gailenreuth, Bavaria. 

Quaternary. 

19. Gulo spelsBus. Goldf. Cave of Gailenreath, Bavaria. 

Quartemaiy. 

20. Trogontherium Cuvieri. Fisch Ostend, England. 

Pliocene Tertiary. 

21. Castoroides Ohioensis. Foster. . . • Clyde, N. Y. 

Pleistocene. 

23. Megatherium Cuvieri. Desm Buenos Ayres, S. A. 

Pampean Formation. 
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86. Megathertiim Cavlert. Desm. (tooth.) ...Buenos Ayres, S. A. 

Pleistocene. 

84. Megalonyz Jeffersonlt. Harlan Henderson, Ky. 

Pleistocene. 

35. Megalonyx Jeffersonil. Harlan Cave, West Virginia. 

Pleistocene. 

86. Giyptodon typns. Nodat Pampean Deposit, Baiinos Ayres. 

Pleistocene. 

41. Qlyptodon reticalatos. Oisen. (caodat armor.) Buenos Ayres. 

Pleistocene. 

48. Olyptodon clavipes. Otosn. (reduced.) Baenos Ayres. 

, Pleistocene. 

54. Bootheriam caviflrons. Leidy Ft. Gibson, Indian Territory. 

Pleistocene. 

65. Bootheram bombitrons. Leidy Big*bone Lick, Ky . 

Pleistocene. 

57. Oreodon Cnlbertsonli. Leidy Maayaises Terres, Nebu 

Miocene Tertiary. 

59. Anoplotherinm commune. Ouv Montmatre, Paris. 

Eocene Oypsnm. 

60. Anoplotherinm commnne. Ouv. (right forefoot).. Montmatre, Paris. 

Eocene Tertiary. 

6 1 . Anoplotherinm commnne. Cuv. (left hindfoot) . . . Montmatre, Paris. 

Eocene Tertiaiy. 

69. Chosropotamus Parislensls. Aym. (skull) Montmatre, Paris. 

Booene Tertiary. 

71 . Anthracotherium magnum. Cuv ..... Auyergne, France. 

Miocene Terttary. 

72. Lophiochaerus splendens St. Albans, France. 

Miocene Tertiary. 

78. Hippohyus Sivalensls. Falc, and Caut Sewalik Hills, India. 

Miocene Tertiary. 

78. Hippopotamus mijor. Cuv, (right tusk.) 

79. Hippopotamus major. Cuv, (left hindfoot) Auvergne, France. 

Pliocene Tertiary. 

80. Equus namadlcus. Fale. and Caut Sewalik Hills, India. 

Miocene Tertiary. 

68. Hipparion elegans. Chriitol Concurron, France. 

Lower Pliocene. 

87. Anchiiherlum Aurelianense. Gerv St. Albah, France. 

Upper Miocene. 
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89. Rhinoceros pla^hinas. JMe. and Oaut. Sewalik Hill0» Ind. 

Miocene. 

90. BMnoceros palsindicas. FcOc. and Cfaut 8e waltk Hills» IndU. 

Miocene Tertiary. 

96. Rhinoceros pienroceros, (lower Jaw) Gannat, France. 

Miocene Tertiary. ' 

99. Rhinoceros Merkii. Kaup Stelnheim, Wirtemberg. 

Miocene Tertiary. 

100. Rhinoceros incisiyas. (Jtev., (upper incisor) Steinbeim, Oer. 

Miocene Tertiary. 

102. Tapiros Avernensis. Oroiz and Job Auyergne, Central France. 

Pliocene Tertiary. 

108. Tapiras Ayemensis. Oois. and Job ^ i[ayergne, France. 

Plocine. 

104. Lophiodon Parisiense. Gerv Paris, France. 

Eocene Tertiary. 

105. Pliolophos yolpiceps. Owen England. 

London Clay (Eocene.) 

106. Paleotherinm crassam. Cuv Montmartre, Paris. 

Eocene Oypsom. 

109. Palaotherinm crassnm. Cfuv Montnrartre, Paris. 

Eocene Gypsnm. 

111. PalflBotherinm crassam. Cuv,, (left hind foot) Paris, France. 

Eocene Tertiary. 

118. Dinotherium gigantenm. Kaup Eppelsheim, Rhine Valley. 

Miocene Tertiary. 

lis. Dinotherium leyins, (upper Jaw, left ramus) St. Albans, France. 

Miocene Tertiary. 

119. Dinotherium leyius, (upper jaw) St. Albans, France. 

Miocene Tertiary. 

124. Dinotherium gigantenm. Kaup St. Jean le Vienx, France. 

Miocene Tertiary. 

182. Elephas prlmigenius. Blum Llppe, Prnssia. 

Pleistocene. 

188 Elephas prlmigenius. Blum Dept. of Ain, France. 

Pleistocene. 

186. Elephas intermedins, (molar.) River Saone, France. 

Pleistocene. 

187. Elephas intermedins, (molar.) .St. Qermaln, France. 

Pleistocene. 

188. Elephas meridionalis. Ne»ti Basses Alpes, France. 

Pliocene Tertiary. 



SUBYBT OF MINNS80TA. 129 

142. Elephas Americanns. Dekatf Homer, Cortland Co ., N. Y. 

Pleistocene. 

148. Slephas Americanas. DeKay St. Catharines , C. W. 

Pleistocene. 

15G. Mastodon glganteas. Cuv. (molar) Big Bone Lick, Ky. 

Pleistocene. 

159. Mastodon longirostrls. Kaup. (molar) Lyons, France. 

Miocene Tertiary. 

169. Mastodon longirostrls. Kaup. (task of lower Jaw) • • . Lyons, France. 

Miocene Tertiary. 

1 71. Mastodon glganteas. Cuv • St. Catharines, C. W. 

Pleistocene. 

176. Zeoglodon cetoides. Owen, (two teeth) • . Claiborne, Ala. 

Bocene Tertiary. 

178. Bhizoprlon Schlnzi, (head.) . . . / Central France. 

Miocene Tertiary. 

179. Balaenodon gibbosas. Oa. (tympanic bones) Suffolk, England. 

Pliocene Tertiary. 

18 1 . Dlprotodon Aastralls. Owen Darling Downs, Aastralia. 

Pleistocene. 

AYBS. 

■ 

184. Didns ineptos, (head). Manritias. 

Allaviam. 

186. iBpiornis maximas. 8t. Ml. (egg) Madagascar. 

Pleistocene. 

186. iBpiornis maximas. St, HU, (metatarsal) Madagascar. 

Pleistocene. 

188 . Palapteryx ingens. On. (right fbot) New Zealand. 

Pleistocene. 

189. Brontozooam gigantnm. HUeh. (tracks) Northampton, Mass. 

Lias. 

192. Brontozooam SlUlmaniam. Hk, (tracks) Middletown, Conn . 

Lias. 

RBPTILI4. 

196. Polemarchos gigas. Sk. (track) Chicopee FaHs, Mass. 

Lias.? 

149. (C. L. ) Ignanodon Mantelli. Meyer Isle of Wight. 

Wealden. 
17 
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Sll . IchthyosauniB commuolB. Oomifb Lyme-Regis, BngUnd. 

Lias. 

212. Ichthyosaunis commaniB. Oonyb. (head) Barrow-on-Soar, Bog. 

Lias. 

218. Ichthyosanras communis. Conyh, (head) Lyme-Begis, Bug. 

Lias. 

214. Ichthyosaurus commnnis. Conyh. (paddle) Boll, Wirtemberg. 

Lias. 

219. Ichthyosaurus platyodon. Coniffb • Ly me-Begis, Bug. 

Lias. 

220. Ichthyosaurus tenuirostris. Conyb Boll, Wirtemberg. 

Lias. 

222. Ichthiyoaaurus tenuirostris. Conyb Boil, Wirtemberg. 

Lias. 

225 . Plesiosaur us dolichodeirus. Conyb Glastonbury, Bog. 

Lias. 

227. Plesiosaurus macrocephalus. Conyb Lyme-Regis, Bng. 

Lias. 

281. Pliosaurus brachydeirus. Owen., (paddle) Dorchester, Eng. 

Upper Oolite. 

288. FliosauruB grandid. Owen, (tooth) Dorchester, Bug. 

Upper Oolite. 

287. Placodus gigas. Agass Laineck, Bavaria. 

Muschelkalk (Trias.) 

289. Placodus gIgas. AgasM Laineck, Bavaria. 

Muschelkalk (Trias.) 

241. Pterodactylus crassirostris . Gol^ Solenhofen, Bavaria. 

Upper Oolite. 

242. Pterodactylus rhamphastfnus. Wagner Solenhofen, Bavaria. 

Middle Oolite. 

247. Crocodilus biporcatos. Cuv. (head) • . .' Sewallk Hills, India. 

Miocene Tertiary. 

249. Crocodileimus robustus Dept. ot Ain, France. 

Upper Oolite. 

251. Allgatorellus Beaumontii Dept. of AIn, France. 

Middle Oolite. 

258. Teleosaurus Mandelslohi. Bronn Holzmadeu, Wirtemberg. 

Lias. 

255. Teleosaurus longipes. Bronn Boll, Wirtemberg. 

Lias. 

256. Teleosaurus Cadomensis. 8U BiU (ventral scales) . . • • Caen, France. 

Lower Oolite. 
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262. MosasaaruB Hofltaumnl. BtatUell Maestricht, Holland. 

Upper Chalk. 

268. HomoBosaaros Maxlmiliani. Meyer Kelheim, Bayaria. 

Middle Oolite. 

270. Sapheosaaras latlceps . Meyer Kelheim, Bavaria, 

Middle Oolite. 

277. Sanranodon inclflWas Dept. of Aln, France. 

Middle OoUte. 

278. Dlcynodon lacerticepa . Owen Fort Beaofbrt, Cape Colony. 

Trias. 

281. Testndo hemtspherlca. Leidy MaaTalses Terres, Nebraska. 

Miocene Tertiary. 

285. Plenrostemon ovatum. Owen Swanage, England. 

Upper Oolite. 

286. Cbelonemys ovata, (▼entral sarflace.) Cirin, France. 

» Middle Oolite. 

287. Chelonemys plana, (ventral sur/lice.) Cirln, France. 

Middle Oolite. 

289. HydropelU Meyerl. ITOrb Cirln, France. 

Middle Oolite. 

292. Labyrinthodon Jagerl. Owen • • . Stuttgardt, Wlrtemberg. 

Reaper (Trias.) 

297. Andrlas Schenchzeri, I^ehudi (Enlngen, Switzerland. 

Miocene Tertiary. 

298. Andrlas Tscbndl. Meyer Rott, Rhine Valley. 

Miocene Tertiary. 

225. (C. L.) Chelrotherlam Barthl. Kaup Jena, Germany. 

Lower Trias (New Bed Sandstone.) 

299. Rana dllnvlana. Qoldf Bonn, Rhine Valley. 

Miocene Tertiary. 

302. Pterodactyle (restored.) Kent, England. 

Chalk. 

808 Megalosanms, (restored .) Oxfordshire, etc. , England. 

Oolite. 

804. Ignanodon, (restored.) Sussex and Kent, England. 

Wealden. 

805. Labyrinthodon, (restored. ) Cheshire, England. 

Trias. 

306. Icthyosanms, (restored.) Somersetshire, etc. , England. 

Lias. 

807. Pleslosanms macrocephalns. Cdny5. (restored.). ..Dorsetshire, etc., 

Lias. England. 
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808. PleaiosaaniB dolichodeirus. Cowffb. (Restored.) •••SomeraetshlTe, 

etc., England. 
Lias. 



PISCES. 

809 . Holoptychius nobilissimos. Agau Clashbixmle, Scotland . 

Old Red Sandstone. 

818. Cephalaspis Lyelli. Agon Forfarshire, Scotland. 

Old Red Sandstone. 

815 . Lepidotus maximns. Wagn Solenhofsn, Bavaria. 

Upper Oolite. 

816. Lepidotus oblongus. Agaas'. Solenhofen, Bavaria. 

Middle Oolite. 

817. Lepidotus minor. Agass Isle of Portland, England. 

Upper Oolite. ^ 

820. Microdon (Pycnodos) elegans. Agass Kelheim, Bavaria. 

Upper Oolite. 

821 . Microdon notabilis. Munst Kelheim, Bavaria. 

Middle OoUte. 

824. Gyrodos clrcnlaris. Agass Solenhofon, Bavaria. 

Upper Oolite. 

828. Megalurus lepidotus . Agass Solenhofen, Bavaria. 

Lithographic Slate (Upper Oolite.) 

880. Sqnatina acantboderma. Fraas Eichsadt, Bav. 

Upper Oolite. 

331. Thaumas alifer. Munst Eicshtadt, Bavaria. 

Middle Oolite. 

838. Carcharodon Isle of Malta. 

Miocene. 

886. Acrodus nobills. Agass Lyme- Regis, Eng. 

Lias. 

838. Plycodus decurrens. Agass Kent, Eng. 

Chalk. 

842 . Mes turns verrucosus. Wagner Eicbstadt, Bavaria, 

Middle Oolite. 

844. Ichthyodorulite, (dorsal spine) Lyme-Regis, Eng. 

Lias. 

847. Holocentrnm pygaum. Agass Monte Bolca, Italy. 

Eocene Tertiary. 

1201. Coprolite of Fish Kent, Eng. 

Lower Chalk. 
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ARTIOULATA. 

CRUSTACEA. 

868. Bnoploclytea Sossexiensls. Mant, (claw) Lewes, England. 

Lower Chalk. 

864. Bryon proplnqnas. Oertnar Elchstadt, Bavaria. 

Upper Oolite. 

868. PemphjTX Sneoril. Meffer Crailshelm, WIrtemberg. 

Moschelkalk (Middle Trias.) 

886. LimulQS Walchii. Detm Blchstadt, Bavaria. 

Middle Oolite. 

867. Eorlptems lacnstris. Harlan WilliamBville, N. Y. 

Wateriime Group, (Upper Silurian.) 

868. Enryoterus lacnstris . Harlan Williamsy ille, N . Y. 

Wateriime Groop, (Upper Siinrian.) 

878. PterygotQB A Dglicus. Aga$8 *. Forfkrshire, Scotland. 

Old Red Sandstone. 

878. Asaphns gigas. Dalm, (restored trom fragments.).. Adams Co. Ohio. 

Lower Silurian. 

874. Asaphos gigas. Dalm, % Cincinnati, Ohio. 

Lower Siinrian. 

880. Asaphus expansns. Dalm Motala, Sweden. 

Lower Silurian. 

888. Asaphus tjrrannus. March Bishop's (Castle, Wales. 

Llandeilo Flags. (L. Sil.) 

884. Asaphus Barrandi. Hall PlatteviUe, Wis. 

Trenton limestone, (L. Silurian.) 

888. Angelina Sedgwicki. McCoy Garth, Wales. 

Lower Silurian. 

890. Bumastus Barriensls. March New York. 

Niagara Group. 

898. Bronteus planus. Barr Beraun, Bohemia. 

Upper Silurian. 

894. Calymene Blumenbachli. Brongniart Dudley, England. 

Upper Silurian. 

896. Caljrmene Blumenbachli. Brong Dudley, England. 

Upper Silurian. 

896. Calymene senaria. Conrad Cincinnati, Ohio. 

Lower Silurian. 

897. Calymene lieyiceps. Dalm Motala, Sweden. 

Lower Silurian. 
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898. Cerauras pleurexanthemns. Orten. (fMrtially restored.) 

Lower SllarUui. 

899. Cerauras pleurezanthemiis. Qreen Ottawa Biver. 

Trenton limestone. 

400. Chirnras clayiger. Beifr Wesela, Boh. 

Lower Silnrian. 

401. Conocephalns Sulxeri. ScMoth Gineta, Bohemia. 

Lower Silurian. 

402. Cychaspis ChrystyL Hall Waldron, Ind 

Niagara Group. 

405. Dalmania calliteles. Oreen York, N. T. 

Hamilton Group. 

408. Dalmania micruras. Oreen Schoharie county, N. Y. 

Lower Helderberg. 

411. Dalmania nasutus. Conrad Schoharie countjy, N. Y. 

Lower Helderberg. 

414. Dalmania selenurus. EaUm-^ Auburn, N. Y. 

Upper Helderberg. 

415. Dalmania socialis. Barr Bohemia. 

Lower Silurian. 

417. Dindy mene Bohemica. Barr Bokycan, Bohemia . 

Lower Silurian. 

421. Harpes ungula. Barr Elronieprus, Bohemia. 

Upper Silurian. 

422. Harpides Grimmi. Barr Przibram, Bohemia. 

Lower Silurian. 

428. Homalonotus delphinocephalus. Murch Dudley, England. 

Upper Silurian. 

428. Lichas Boltoni. Green Lockport, N. Y. 

Niagara Group. 

429. Lichas grandis. Hall, (bead.) Schoharie county, N. Y. 

Schoharie Grit, (Deyonian.) 

480. Licba6 grandis. Hall, (pygidlum reversed.) .... Schoharie Co., N. Y. 

Schoharie Grit, (Deyonian.) 

488. Ogygia Buchli. Gold/ South Wales. 

Lower Silurian. 

486. Olenellus Thompsoni. Hall (Georgia, Vt. 

Quebec Group, (Lower Silurian.) 

487. Paradozides Bohemicus. Bock Ginets Bohemia. 

Lower Silurian. 

489. Pradoxldes Dayidls. Salter St. Dayids, Wales. 

Lower Silurian. 
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443* Pbacops cephalotes. Corda Tetin, Bohemia. 

Upper SilnrUn. 

INSBCTA. 

451. Achna eximla. Hagen Solenhofen, Bav. 

Lithographic LimestODe, (Middle Oolite.) 

ANNELIDA. 

454. Vermetiis gigas. J3lo Asti, Piedmont. 

Miocene Tertiary. 

455. Tentacalitea elongates. HdU Schoharie Co. N. Y. 

Lower Helderberg. 



MOLLUSCA. 



CEPHALOPODA. 

456. Belemnites Owenl. Pratt, (gaard) Christian Malford, England. 

Upper Oolite. 

457. Belemnites Oweni. Pr€Ut Christian Malford, England . 

Upper Oolite. 

458. Belemnites gigantens. 8cMoth Ehningen, Wirt. 

Lias. 

461 . Belemnites acnarins. 8chloth Whitby, England 

Lias. 

462. Belemnites lateralis . Phil, (guard. ) Yorkshire, Eng. 

CretaceoQS. 

468. Belotenthis subcostata. Munat Holzmaden , Wirt. 

Lian. 

467. Ammonites armatns. Sow Charmonth, Eng. 

Lias. 

468. Ammonites Aon. Muntt St. Cassian, Anstria. 

Trias. 

478. Ammonites Batesi. T^ask Shasta Co. , California. 

Cretaceous. 

478 . Ammonites blsalcatns. Brug Bantenberg, Bmnswick. 

Lower Lias. 

475. Ammonites Blagdeni. Sato Dorsetshire, England. 

Lower Oolite. 

476. Ammonites Birchii. Sow Charmoath, England . 

Lias. 
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477. Ammonites Beche!. Sow Chanooathy England. 

Liaa. 

478. Ammonites BrongniarU. Saw ^ YeoYil, England. 

Lower Oolite. 

484. Ammonites cordatus. Sow Calvados, France. 

Middle Oolite. 

485. Ammonites cordatas. Sow Calvados, France 

Middle Oolite. 

487. Ammonites coronatos. Bmg Villere* France. 

Middle OoUte. 

490. Ammonites flmbrlatos. Sow Charmonth, England. 

Middle Lias. 

491. Ammonites flmbriatns. Sow Charmoath, £ng. 

« Middle Lias. 

492. Ammonites gigas. ZieUn*m Tonne, France. 

Upper Oolite. 

495. Ammonites Gk>liathos. 2>'Or5 Dives, France 

Middle Oolite. 

497. Ammonites Henleyi. Sow Charmonth, England. 

Lias. 

498. Ammonites Herveyi. Sow W^ilts, England. 

Middle Oolite. 

500. Ammonites heterophyllus. Sow Reutllngen, Wirtemberg. 

Lias. 

501. Ammonites Humphrieslanas. Sow Yeovil, England. 

Lower Oolite. 

502. Ammonites Calvados, France. 

Middle Oolite. 

508. Ammonites interruptns. Brug St. Florentin, France. 

Cretaceous. 

504. Ammonites interruptns, Park France. 

Ganlt (Cretaceous). 

^05. Ammonites Jason. Bein Christian Malford, Eng. 

Middle Oolite. 

• 

509. Ammonites linguiferns. lyOrb Calvados, France. 

Lower Oolite. 

511. Ammonites macrocephalus. Schloth Wiltshire, England. 

Middle Oolite. 

515. Ammonites margaritatns. Mum Charmonth, Eng. 

Lias. 

518. Ammonites Millesianus. D'Orh Rouen, France. 

Chalk. 
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' 519. Ammonites modlolaris. LtM WiltslSre, Bngland. 

Middle Oolite. 

581 . Ammonites obtu^as. Saw Obarmonth, Bngland. 

Lower Lias. 

538. Ammonites peramplns. Mant Germany. 

Chalk. 

525. Ammonites planicostatns. Sow Dorset, England. 

Lias. 

587. Ammonites rarlcostatos. Ziet Charmonth, Bngland. 

Lias. 

589. Ammonites Rhotomagensls. Brong Bonen, France. 

Chalk. 

581 . Ammonites serpentlnas. Sehloth Boll, Wlrtemberg. 

Lias. 

586. Ammonites WooUgari. Mant • Sussex, Bngland. 

Chalk. 

587. Ammonites Woollgarl. Mant Sussex , Bngland. 

(Enlarged firom 586.) 

588 . Ammonites glgas. Ziet, (Enlarged from 498.) Yonne, France. 

Upper Oolite. 

589. Ancyloceras Andoull. Astier Oheiron, France. 

Cretaceoas Greensand. 

540. Ancyloceras Bmerlcl. I/Orb Barreme, France. 

Upper Neocomian, (Cretaceoas) 

541. Ancyloceras gigas. Saw Atherfleld, Isle of Wight. 

Cretaceoas Greensand. 

548. Ancyloceras Tabarelll. Aatier Barreme, France. 



/ 



Cretaceoas. 



546. Bacnlltes anceps. Lam France. 

Chalk. 

547. Ceratltes nodosns. DeHaan Lnney lUe, France. 

Mnschelkalk, (Trias.) 

551. Crloceras blftircatos. Quenst Rentlingen, Wlrtemberg. 

Jnrassic. 

558. Crloceras Dnvalll. Lev BscragnoUes, France. 

Heocomlan (Cretaceoas.) 

558. Gonlatltes expansns. Vanux Manilas, N. Y. 

Gonlatlte limestone (Deronlan.) 

554. Gonlatltes ixlon. Hall Rockfbrd, Ind. 

Carbonlferons. 

555. Hamltes attennatas. Saw Folkestone, Bngland. 

Gaalt (Cretaceoas.) 
18 
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6i7. Hamiuft Astlerianiis. jyOrb Barreme, France. 

Neocomlan (Cretaceous.) 

558. Hamites (Hamulina) cinctus.) ly Orb Barreme, France. 

Upper Neocomian (Cretaceons.) 

5d8. Scaphites lyanii. Pwtos Barreme» France. 

Lower Greensaod. 

564. Scaphites compressns. Bom Haldem, Westphalia. 

Chalk. 

566. Toxoceras obliqnatam . ly Orb BscragnoUes, France . 

Greensand (Cretaceons.) 

567. Tnrrllites costatns. Lam Booen, France. 

Chalk Marl (Lower Cretaceons.) 

569. Nantilns bldorsatns. SMoth Brunswick, Germany. 

Mnschelkalk (Trias.) 

578. Nantilns Neocomensis. I/Orh EscragnoUes, France. 

Neocomian (Cretaceons.) 

574. Nantilns psendo-elegans. jy Orb Bonen , France. 

Chalk. 

575. Nantilns semistriatns. I/Orb cCharmonth, £ng. 

Lias. 

578. Nantilns Charmonth, Bng. 

Middle Lias. 

679. Nantilns Kentncky. 

Carboniferons ? 

580. Lituites nndatns. Conrad M<ddleTille, N. Y. 

Black River limestone, (L. Sil.) 

582. Discites ornatns. Hall Manlins, N. Y. 

Goniatiie limestone, (Devonian.) 

585. Orthoceras amplicameratum. Hall Middleville, N. Y. 

Trentota Limestone, (Lower Sllnrian.) 

586. Orthoceras crebrum. 8csm Eifel, Rhine Valley. 

Devonian. 

587. Orthoceras ineqnale. Barr Bntowitz, Bohemia. 

Upper Silnrian. 

598. Gomphoceras inflatum. Querist Eiflel, Rhine Valley. 

Devonian. 

597. Phragmoceras snbventrlcosum. lyA and 2>eF.. Eifel, Rhine Valley. 

Devonian. 

598. Cyrtoceras macrostomnm. Hall Mineral Point, Wis. 

Trenton Limestone (L. SU.) 

599. Cyrtoceras corbnlatum. Barr Bohemia. 

Upper Silnrian. 
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600. CyrtocerM elongatom. Barr Beraun , Bohemia . 

Upper Silurian. 

602. Gy roceras trlyolyis. Conrad Schoharie county, N. Y. 

Upper Helderberg, (Deyonlan.) 

604. Gyroceras expansam. Seem Cacenoyia, N Y. 

Hamilton Group. 

606. fGy roceras Eifelense. I/Arch Blfel, Bhine Valley. 

Deyonlan. 

GASTEBOPODA. 

608. Kostellaria carinata. Mont Folkestone, England. 

Ganlt. (Cretaceous.) 

609. Py rula melongenak Orauloup Saucats, France. 

Miocene Tertiary. 

611. Fusus longaeyus. Lam Bracklesham, England. 

Eocene Tertiary. 

619. Cerithium giganteum. Lam Damery, France. 

Eocene Tertiary. 

620. Cerithium giganteum. Lam^ (inner cast) Vauglrard, France. 

Eocene Tertiary. 

621. Cerithium cornucople. Sow Contentln, France. 

Eocene Tertiary. 

624. Euomphalus rugosus. Sova Dudley, England. 

Upper Silurian. 

688. Capulus elegans. Ban Bohemia. 

Upper Silurian. 

684. Capulus robustus. Barr Zochkow, Bohemia. 

Upper Silurian. 

687. Dentallum Noe. Bon Astezan, Piedmont. 

Pliocene Tertiary. 

LAMELLIBBANCHIATA. 

647. Ostreaflrons. Park ...Boyan, France. 

Chalk. 

648. Ostrea Santonensls. I/Orh Boyan, France. 

Chalk. 

650. Gryphea arcuata. Lam Semur, France. 

Lias. 

651. Exogyra columba. Qoldf Bonssa, France. 

Cretaceous. 

662. Exogyra costota. Morton Perry Co., Alabama. 

Cretaceous. 



I 

\ 
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,658. RftdioUtes craterifbrmiB. jyOrb Boyan, France. 

Chalk. 

660. Sphsrolites Boarnonl. IHstn Dordonse, France. 

Cbalk. 

661. SphamUtes calceoloidea. Detm Dordogne, France. 

Chalk. 

668. Caprina adversa. I/Orh Charente, Fr^ce. 

Chalk. 

664. Avlcnla flabella. Conrad Onondaga Co., N. T. 

Hamilton Group (Devonian.) 

670. Pterinea radians. Conrad CasenoTia, N. Y. 

Hamilton Groap (Devonian.) 

671. Posidonia aWeata. Conrad Sherburne, N. Y. 

Hamilton Groap (Devonian.) 

672. Megambona cordiformis . Ball Onondaga Co., N. Y. 

Corniferons Limestone (Devonian.) 

675. Hippopodinm ponderosam. Soto*.*, Cheltenham, Eng. 

Uaa. 

679. Trigonia costata. Pari; .CBschingen, Wirt. 

Lower Oolite. 

688. Modiola pllcata. Sow Bendcomb, Bng. 

Oolite. 

686. Thracla Thebes, Egypt. 

Cretaceoos. 

689. Teredlaa personata. Lam Mt. Bemon, France. 

Eocene Tertiary. 



BBACHIOPODA. 



690. Spirlfer pingnis. Sow Dablin, Ireland. 

CarboDiferons limestone. 

696. Spirifer oxypteris. Burv Carlgnan, France. 

Lias. 

706. Terebratala grandis. Blum Bande, Westphalia. 

Miocene Tertiary. 

716. Terebratula Intermedia Sow Calvados, France. 

Lower Oolite. 

755. Productus gigdnteus. Martin Derbyshire, England. 

Carboniferous. 
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RADIATA. 

EOmNODSBMATA. 

762. CIdaris coronata. GoUV Natthelm, Wirtemberg. 

Coral Crag (Middle Oolite.) 

776. Hemlcidarls Intermedia. lUm Wiltshire, England. 

Oolite. 

781. Palaechlnoa moltlpora. Nor. and St. Louis, Mo. 

St. Louis Limestone (Carboniferous.) 

802. Ii chlnobrlssns clunicularls. Blainv Stroud, England. 

Lower Oolite. 

814. Clypaeaster umbrella. Agass Sardinia. 

Miocene Tertiary. 

821. Dlscoldea cyllndrlca. Agcus Rouen, France. 

Chalk Marl (Cretaceous.) 

825. Galerltes albo-galerus. Lam Kent, England. 

Upper Chalk. 

888. Dictyophy ton tuberosum. Hall Steuben county, N. T . 

Chemung (Upper DeTonian.) 

. 842. Hemlpneustes radiatus . Agau Maestrlcht, Holland. 

Upper Chalk. 

847 . Mlcraster cor-anguinum Agass Kent, England. 

Chalk. 

860. Ophloderma Egertonl. Broderip Lyme-RegiB, England. 

Lias. 

861. Ophloderma Egertonl. Brod lorme-Regis, Eng. 

Lias. 

868. Solastor Moretonls. P&rbes Qloocestershire, England. 

Great Oolite. 

898 . Aplocrlnns Parklnaonl. ScMoth Bradford, Eng. 

Great Oolite. 

899. Apiocrlnus Parkinsonl. Schloth Bradford, Eng. 

OoUte. 

901. Apiocrlnus Parkinson!. SctUath Bradford, Eng. 

Oolite. 

904. Astrocoma Clrlnl Cirin, France. 

Lithographic Limestone (Middle Oolite.) 

911. Crotalocrinns rugosus. MUler Dudley, England. 

Upper Silurian. 

917. EncrinUB lilliformis. Sehloth Brunswick, Germany. 

MoBchelkalk (Middle Trias.) 
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918. Encrinns lililforails. SMoth Bninswlck, Oer. 

Moschelkalk, (Trias.) 

919. Socriaiis liliifonnis. SoMoth *. . . . Bninawick, Oer. 

Moschelkalk, (Trias.) 

949. Peotacrlnos sobangalaria. MiUer Boll, Wirtembeiy. 

Lias. 

943. Pentacrinns subangnlaris. MUler Boll, Wirtembeiy. 

Lias. 

947. PerlechocrlnoB moniliformis. Mller. Dudley, £og. 

Upper Silurian. 

958. Platycrinns Sarae. Hall St. Loais, Mo. 

St. Loais Limestone (Carboniferons.) 

954. Pterocoma piAnata. Agtua Soienhofen, Bavaria. 

Middle OoUto. 

ACALSPHAE. 

988. Graptolithos oetobrachiatos. HaU. 

Lower Silnrian. 



PROTOZOA. 



RHIZOPODA. 

966. Amphistegina vnlgaris. 1/ Orb Bordeaux, France. 

Miocene Tertiary^ 

988. Fasnlina cylindrica. lyOrb Olilo and Nebraska. 

Carboniferous. 

999. Cassidulina serrata Austria. 

Miocene. 

1002. ClaTuliDa communis. lyOrb Nussdorf, Austria. 

Pliocene. 

1007. Globigerina buUoides. ITOrb, 

Miocene; Austria. 
Pliocene; Italy. 
Living; Adriatic. 

1015. Proroporus complanatus. Beuss, 

Qault. 

1086. Siderolina calcitrapoides. Lam Maestricht, Holland. 

Chalk. 

1039. Siphonina reticulata. Beust Germany. 

Miocene. 
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1048. Textalaria connlos. Beu$$, 

Upper Chalk. 

1047. TextQlarla popoidea Meadon, France. 

Upper Chalk. 

1049. Textalaria spinnlosa. BensM Qermany. 

Miocene Tertiary. 

1059. CrlBtellarla caBsis. FUsht Sienna, lUly. 

Pliocene. 

1077. Olobnlina glbba. lyOrb France and Adriatic Sea. 

Tertiary and Living. 

1094. Nodosaria inflata. Senas. 

Upper Chalk. 

1097. Nodosaria oblonga. Beusa, 

Eocene Tertiary. 

1098. Nodosaria radlcnla. Lam. 

Qaalt (Cretaceous.) 

1 188. Orbltolltes macropora. Lam Maestrict, Holland. 

Chalk. 

1160. Splrollna cylindrlca. Lam Paris, France. 

Eocene Tertiary. 

1181. Vertebrallna nitida. lyOrb Grignon, France. 

Eocene Tertiary. 



PORIFBBA. 



1164. Amorphospongla Franklin county, &y. 

Lower Silurian. 

1 168. Cosloptychium agarlcoides. Goldf. Haldem, Westphalia. 

Chalk. 

1 166. Placoscyphia meandroides. Leym ^ Kent, England. 

Cretaceous Greensand. 

1 168. Polypothecia dichotoma. Ben Warminster, England. 

Cretaceous Greensand. 

1 1 72. Scy phia polyommata. Qoldf Streitberg, Wirtemberg, 

Middle Oolite. 

1184. Slphonia coHtata. Lam Warminster, England. 

Cretaceous Greensand. 

1 1 77. Siphonia pyriformls. GoW Blackdown, England. 

Upper Greensand (Cretaceous.) 

1186. Tentriculites Blrdlington, England. 

Chalk. 
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MiaOBLLAMSOUS. 

1904. Cyeadoides megalophylla. BuekU (Trank of a short cycad. Isle 

of Portland, Englaod. 
Wealden. 

1S06. Dammarites , (conifer.) Barton^ Somerset, England. 

Inferior Oolite. 

1907. Nipadltes Bortinl. Brong Schaerbeck, Belgiam. 

Eocene Tertiary. 

1818. Welcome Nugget (gold) Ballarat, Anstralla. 

1816. Platlnnm Nngget Ural Mts., Siberia. 

1887. Rosetta Stone Bosetta, Lower Egypt. 

1845. Bust of Llnnaas, life sise. 

1847. Bast of Cnrier, life slse. ^ 

1848. Bust of Geoflnroy St. Hilalre, life slie. 
Bast of Hnxley, life size. 
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ERRATA. 



Page 16, lines 8 and 4 ftom top, for vallies read valleys. 

Page 15, line 14 fkrom bottom, for Ttrenton read Trenton. 

Page 83, line 9 fVom bottom, for contlnioas read continuous. 

Page 41. line 2 fVom bottom, after seen, insert if restored. 

Page 61, line 6 from bottom, for McVee read McNee. 

Page 68, line 18 flrom top, for M. read A. 

Page 68, line 8 trom bottom, for Shnnard read Shumafd. 

Page 67, line 6 trom top, for tickest read thickest. 

Page 108, line 8 from top, for knoles read knolls. 

Page 116, line 18 Arom top for cliaracterzes read ckaracterizes. 
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Abbott, John, quarry of, in the Trenton limestone Ill 

Address and Summary Statement 5 

Allen, WiUard, quarry of « 50 

Alluvial terraces in Fillmore county. 67 

Amherst, surface character ot township f4 

Amherst P. O., the Jordan quarried at 71 

Ancient peat and vegetation in the drift deposits 62 

Andrews, Hiram, quarry of 43 

Angst, Bobert, railroad elevations by 116 

Appropriation, needed for Museum 4 

Arnold, Thomas, quarry of, in the Trenton lOt 

Area of the St. Peter sandstone in Olmsted county 88 

of the Trenton limestone in Olmsted county 90 

of Fillmore county If 

of Olmsted county, by townships 76 

of Dodge county, by townships 97 

of Steele county, by townships 107 

Arendahl, surface features of township 25 

Ashland, snrfkce features of township 99 

Atrypa in the Devonian limestone 55 

brachiopod resembling 56 

Atwater, Judge Isaac, contributor to the Ward cast Aind 1S4 

Aurora, surfkce features of township 108 

Baldwin's Dam, the Trenton limestone at ...•••• • 48 

Bamett, James, lime made by 88 

James, section at lime-kiln of. 88 

paumgartner, Jacob, lime-burner, Milton township 106 

Bear Creek, the Lower Magnesian on 89 

Beaver, surfkce features of township 27 

rock in river banks in 55 

the Cretaceous in. 56 

Beach lines, absence of, in Fillmore county 28 

Bennington, the Devonian limestone at 54 

Belding, S. S., quarry of. 51 
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Berlin, surface feataresof township*. r 109 

Big Stone Lake, hlght above the ocean 122 

Blake's Mill, the Galena limestone at ^ 108 

Black Hills, raammals collected in 124 

Blooming Prairie, surface features of township 108 

Bloomfleldy sarface featares of township 27 

the Galena limestone in 51 

qnarry of Widow Scanie in 66 

Limonlte In 59 

sapposed Cretaceous in 66 

" Bine Limestone," in Fillmore county 48 

Blnil^, description of in Fillmore county 17 

character of, in Olmsted county 78 

Bog-ore In Fillmore county 68 

Boynton, O. A., lump of ancient peat and vegetation on land of 64 

Brachlopods in the Devonian 66 

Brick, made in Fillmore county 71 

yard of J. W. Smith 67 

made in Olmsted county 96 

made by William Gutherless at Dodge Centre ... 106 

made by £. P. Brown 95 

Bristol, surface features of township ; 26 

drift boundary in 69 

drift seen In 61 

Broxlem, David, peat on the land of 68 

•* Buff Limestone," in Fillmore county 48 

Building stones in Fillmore county 72 

Butler, Hon. Levi, coutrlbutor to the Ward cast fdnd 124 

Calcite in the Shakopee limestone 89 

Canisteo, surface features of township 99 

Canton, surface features of township 24 

Carlmoua, surface features of township 26 

the Shakopee at 40 

drift near and at 60 

Carrollton, surface features of township •..«... 25 

Cascade, surface features of township 79 

the Lower Magnesian in 86 

Cedar liiver, its course in Dodge county 98 

Centennial Exposition, collections for 12 

Chaetetes Lycoperdon in the Trenton 48 

Characters of the Galena 49, 51 

Charcoal and ash iVom Redwood Falls submitted for analysis 10 

Chase, Jonathan, contributor to the Ward cast ftind 124 

Chatfleld, surface features of township 26 
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Cliatfleld, diagram of the valley at. 38 

Lower Trenton at 47 

gravelly drift at 60 

Chemical work 7 

Chester, beds of limestone exposed at 55 

Chicago, Milwaukee and 8t. Paul Railroad, elevations on 116 

Iowa and Minnesota Division 116 

McGregor Division 1 18 

River Division 118 

Chimney Rock, view of 46 

Chnte Bros, contributors to the Ward cast ftind 134 

Claremont, surface characters of township 99 

Clay, green, in Olmsted county 77, 91 

flrom Spring Valley, submitted for analysis 7, 8 

Clear Grit Mills, St. Lawrence limestone at 88 

Clear Grit, drift near 60 

Clinton Falls, surface features of township 109 

Coal, cannel, from Crow Creek, submitted for analysis 8 

earthy, fkrom Crow Creek, submitted for analysis 8 

Arom surface near Bismark, D. T., submitted for analysis 8 

in Steele county, location of , IIS 

Cole, John M., information on water^powers by 77 

Collections for Museum, how made 1S8 

Comstock, Gen. C. B., determination of latitude and longitude, by •••• 6 

'Concrete houses 74 

Concretions in the Jordan sandstone 87 

Conglomerate in the lower Cretaceous, suspected existence of 58 

Concord, surfSace character of township 99 

Contributions to the Ward cast ftind 1S4 

Cornell Bros., makers of stoneware 118 

Copper, in drift deposits in Fillmore county 71 

fragment of, flrom Pleasant Grove, submitted for analysis 10 

Cretaceous, the, over the Lower Silurian 59 

in Olmsted county 86, 92 

in Fillmore county 56 

Indirect evidence of existence of 58 

Cupola, smaller, of the University, latitude and longitude of 7 

Deerfleld, surface features of township 109 

Devonian limestone in Fillmore county 54 

De For*smill, Fillmore county 48 

the Galena at 5S 

Diagram illustrating topography 84 

Dioritic boulder in loess loam 61 

Dodge, J. T., elevations by 130 

Dodge county, report on. • « • 97 
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Dodge county, area of, by townships 97 

drainage of 97 

water-powers of 98 

surface of 98 

, notes on, firom plats of goyemment sanrey 99 

timber of 100 

shrabby plants of t 100 

geological structure of 101 

the Shakopee limestone in 101 

the St. Peter sandstone in 101 

the Trenton limestone in.... 101 

the Galena limestone in..... 108 

the drift in 106 

brick made in 105 

lime burned in 106 

Dover, surface features of township 79 

Drainage, the natural, of Fillmore county 18 

of Olmsted county 76 

of Dodge county 97 

of Steele county 110 

Drift, the, in Fillmore county 59 

in Olmsted county 98 

in Dodge county 106 

in Steele county 112 

thickness of in Olmsted county 20 

evidences of in the *< driftless area.** 60, 61 

Drift gold in Fillmore county 71 

in Olmsted county 96 

Driftless area 5, 21 

Duxberry Creek, boulders in valley of 61 

Eagle Rocks, view of 45 

Elevation of points along the Southern Minnesota Railroad 28 

Elevations, remarks on 80, 115 

list of railroad, in Olmsted county 81 

list of, on Chicago, Milwaukee and St. Paul Railroad. . .... 116 

list of, on Hastings and Dakota Railroad 1 19 

Elliota, thin drift at 61 

Ellington, surface features of township 100 

Elliott, Wyman, contributor to the Ward cast ftind 125 

Elmira. surface features of township 79 

Erosion, remarkable in Fillmore county 15 

Etna, the Galena at 51 

Iron ore in vicinity of 59 

drift with glaciated boulders, seen at 60 

Eyota, surface features of township • 79 
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VftrmiDgton, nirfkce Attaraa of townihlp 78 

FUlmore, ■nrfkce cbftrmcteT of township ST 

lUlmora County, report on IS ' 

filtnKtlon and «MA IS 

nitaral drainage U 

irat«r-powers of 14 

snrAee features of 14 

aollsDd timber SB 

the geolag leal Htm ctnre of BO 

the St. Croix Sandstone In SI 

the St. LanruDce limestone In 82 

the Jordan Sandstone In >S 

the Shftkopee Limestone Id 8S 

the St. Peter Sandstone In 40 

the Trenton JLlmeBtone In 49 

the Galena Limestone In 40 

the Maqaoketa Shales Id U 

the H I Bgara Limestone in U 

the Devonian Limestone in B4 

Oie CretacwoDi In ■' 68 

theDHIlIn W 

ancient peat and regetatlon In the drift deposits of-. 8S 

common wells in <4 

the Loess Loam In 68 

allDTiKl temces in 67 

material resonrces of 67 

Iron tn 88 

Lead In 6B 

qnlckllme produced in 8S 

'brick made In 71 

Ootdand Copper In the drift deposita of 71 

bQlldlng stones In 7> 

stuDd for mortar and concrete In 78 

Aneatella In the DeTonlan 58 

noDrinit mills of Fillmore conn^ 14 

Otmated eonntj 64 

Dodge connty M 

Steele coantj 110 

Vonstou, the Galena at 68 

drift abandaot at ■ 81 

ForestTllle, sarfkce ftoataree of township M 

drift In 80 

Formations, geologic^, of Olmsted conntj 88 

Fonntftln, anrfice features of township ■■■* 86 

drift-graTel and boulders In 60 
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Paob. 

Fountain, section at 40 

Fuel of Fillmore coanty 67 

« 

Gale, 8. C. contribntor to tlie Ward cast fUnd 124 

Galena Limestone in Fillmore county 49 

in Olmsted county 86 

in Dodge county... 106 

as a building stone 78 

the area of in Olmsted county 91 

the lithological character of in Olmsted county. ... 91 

economical value of in Olmsted county 98 

Garrick, Thos., quarry of In the Galena 92 

Geology of Minnesota, State publications relating to 3 

Steele county Ill 

Geological structure of Fillmore county 30 

of Olmsted county 84 

of Dodge county 101 

Gtonoa, unimproved water-power at 78 

Gibson, Hon. Paris, contributor to the Ward cast ftind 125 

Ginsberg, , quarry of 104 

Gold, in the drift deposits of Fillmore county 71 

of Olmsted county 95 

Gorges, existence of and how occasioned 22 

Chraptolitesy at De For's mill 48 

Granger, the Trenton at 48 

the drift at 61 

Grasshoppers, investigation of recommended 11 

Green Shales in the Trenton 21, 22, 43 

Gregor, Mr. I., difficulty in use of magnetic needle 59 

Gutherless, Wm., brick made by 105 

Harrington, Prof. M. W., assistant on the survey 6 

report on Olmsted county, by 75 

report on Dodge county, by 97 

report on Steele county, by 107 

Haematite iron ore at Minnesota Falls 9 

Hague, Luke, gold on land of 71 

Hare, Geo ., tree said to have been found in well of. 64 

Harmony, surface features of. 25 

Hastings & Dakota R. R., elevations on 119 

Havanna, sarface features of township 108 

Haverhill, surface features of township 79 

Hayfleld, surface features of township 99 

Hickory, how prevent destruction of 82 

Higby, David, Cretaceous clay on farm of. 57 
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Hitfh Forest, water-power at 78 

surface features of township 80 

Hlpes, John, quarry of 48 

Holt, snrfSace features of township 24 

drift grayel seen in « 61 

Horizon between the Trenton and Galena 48 

Horticultural Society, list of plants published by 6 

Horton, Horace, list of B. B. elevations by 81 

Hopkins, , quarry of 55 

Huntley, Mr. Calvin £., fkcts concerning ancient peat, by 02 

prices for well-drilling 66 

Ilurlbut, W. D., details of map by 85 

"Inter-glacial epoch'* 63 

Irish, N., lime-burner 106 

Iron in Fillmore county 59, 68 

Iron ore at Lanesboro 84 

Limonite 58, 59 

Irving, Prof. B., on the Lower Magnesian 83 

Isinour's Station, bluflbat 40 

drift-gravel and stones near 61 

Jacob, Dennis, quarry of 47 

Jenkins,, W., quarry of, in the St. Peter niar Bochester 89, 91 

Jones, Judge £. S., contributor to the Wafird cast fhnd 124 

Jordan, surface features of township 27 

drift boundary line 47 

Jordan Sandstone in Fillmore county 85 

Kalmar, surfkce features of township 79 

Kaolin, Arom Birch Coolie, submitted for analysis 8 

Kasson, brick kiln at 106 

Kelly, Anthony, contributor to the Ward cast ftmd 125 

Kimball, F. A., Surveyor of the Hastings and Dakota B. B 120 

Kimball, Dr. H. H., contributor to the Ward cast fhnd 124 

Kleckler, John, quarry of 47 

peat on the land of 68 

Knight, G. W. quarry of.... 47 

Knolls, remarkable series of 58 

Lakes, absence of in Olmsted county 76 

Lake Survey, determination of Latitude and Longitude by 7 

Lanesboro, the St. Lawrence Limestone at 84 

concretions in the Jordan Sandstone at 85 

high terrace plain at 67 

Umebnmed at 71 
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Landscape, magnlflcent Tiews of 17 

Langdon, Hon. B. B. contribntor to the Ward cast fond 124 

Lapham, Dr. I. A. list of plants by 6 

Latitude of smaller cnpola of nniversity 7 

"Lead Fossil*' in the Galena 51 

Lead in Fillmore county 69 

in Olmsted county 91 

Lenora, drift thin at 61 

Lemond, surfkce features of township 109 

Le Roy, the Devonian Limestone at M 

Lester, Joseph, quarry of 47 

Leonard, W. £. assistant on the Surrey... 6 

observations by, on surfkce crag 6S 

Leptc^na In the Trenton in Fillmore county 4S 

in Olmsted county 91 

Lime in Fillmore county 70 

made by J. Bamett in Oronoco township 88 

burned by R. Williams in High Forest township 92 

made by James Paul in Wasioja 108 

burned in Milton township 106 

Lime Springs, quarry at 65 

Cretaceous features in drifb-clay at,. 56 

Maquoketa shales at 81 

Lime-burners in Fillmore county, lists of 69, 70 

Limonite iron ore io Fillmore county 58, 68 

Lindensmith, , sections in quarry of 112 

Lingulepis Mbrsetms in the St. Peter Sandstone 41 

Lingulepis quadrata in the Trenton 47 

List of Ward's casts 126 

of Railroad Elevations 81, 116 

of publications relating to the Geology of Minnesota 8 

Lithological characters of the St. Peter Sandstone 89 

of the Trenton Limestone 90 

Loesa Loam, mingled with drift 28 

belt of 59 

in Fillmore county 66 

Longitude of smaller cupola of the University 7 

** Lone Mound " 39 

Lower Magnesian, the, divided into three members 82 

area of in Olmsted county 86 

lithological characters of 86 

upper layers of, on Bear Creelc 89 

Lower Silarian, coated with iron 56 

Lower Trenton, in Fillmore Co 43 

Lowry, Thomas, contributor to the Ward cast ftind 125 
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Magnetic needle, disturbance of 59 

Magnetic variation, in Olmsted County 80 

extremes of, in Steele Co •• .. no 

Mantor, Peter, quarry of 104 

Mantorrille, surfltce character of township 99 

exposures of Galena near 108 

Maqnoketa Shales in Fillmore Co 58 

not found in Dodge Co 105 

MarcaHte atLanesboro 84 

Marion, surflAce features of township 79 

Marshes in Steele Co HO 

Material Besources of Fillmore Co 87 

McNee, Wm. B., quarry of 51 

McNee, Andrew, white sand deposit on land of 57 

Meek and Hayden, the Fort Benton Group of 58 

Mendenhall, B. J., contributor to the Ward cast fhnd 124 

Meriden, surflEuse features of township 109 

Merton, surfliee features of township 108 

Mills, kind and number of in Dodge Co 98 

kind and number of in Steele Co 110 

kind and number of in Fillmore Co 14 

kind and number of In Olmsted Co 84 

Milton, surface features of township 99 

Mineral water, sample Arom Belle Plaine submitted for analysis 10 

Mineral springs at Owatonna, analysis of 118 

Morehouse, Dr. E. M., brick maker 118 

maker of unglazed red-ware 114 

Moose, from Otter Tail Co ^ 124 

Mortar sand in Fillmore Co 78 

Mounds, in Olmsted Co 78 

*« Mound Builders," supposed works of 18 

Murehisonia in the Trenton in Olmsted Co 91 

Museum, law establishing 10 

report on 128 

Natural drainage, of Fillmore Co 18 

Newberg, surfSace features of township • 24 

New Haven, surfiuse features of township. ...^ , 78 

Niagara Limestone in Fillmore Co 58 

Notes Arom surveyor's plats of Fillmore Co 28 

of Olmsted Co 78 

of Dodge Co 89 

of Steele Co 108 

Niobrara 58 

**Nishnabotany Sandstone" 56,57 

Norway, surfkce features ol township 24 
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Ochre, quantities of it 

Odell and Cornell, brick makers '. Hi 

Odell, H. T., iron ore found on land of 64 

Odell, L. G., draw-kiln of 70 

Olds, F. T., information on water-powers by 77 

Olmsted county, report on 75 

area of, by townships 76 

water-powers of 77 

drainage of 76 

snrfkce of 78 

notes flrom government plats 78 

elevations in 81 

timber of 82 

geological stmcture of 84 

the Lower Magnesian in 86 

the St. Peter Sandstone in 88 

the Trenton Limestone in 90 

the Galena Limestone in 91 

the Cretaceous in 92 

the Drift in : 98 

common wells in 94 

brick in 95 

gold in 95 

peat, absence of 95 

Ore, f^om Sauk Valley, submitted for analysis 10 

supposed silver, from Colorado, submitted for analysis 10 

supposed silver, Ax>m Brainerd, submitted for analysis 10 

supposed silver, from N. shore of Lake Superior, submitted for 

analysis 10 

supposed iron, flrom Duluth. submitted for analysis 10 

Orion, surface features of township 30 

Oronoco, surface features of township 73 

the Lower Magnesian in 36 

OrthiSt in the Trenton in Fillmore county 48 

in Olmsted county 91 

at DeFor*s Mill 43 

brachiopod resembling 55 

Orthocenu, in the Trenton in Fillmore county 43 

in Olmsted county 91 

Orthonotaj at De Tor's Mill 43 

Owatonna, surface features of township 109 

mineral springs at 118 

Parsley's Ford, Shakopee Limestone at 89 

Paul, James, lime kilns of 108 
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Peat, flrom Bed WiDg, land of Capt. Barnes sabmiUed for aoalysis. . . • 9 

from C. T. Bryan's land, Winona, snbmitfeed for analysis 9 

in Fillmore connty 68 

Arom Schmltz's land, St. Paul, sabmitted for analysis 8 

manalkctared, fh)m Wells, sabmitted for analysis 8 

not manufactured, from Wells, sabmitted for analysis 8 

from Lake Bmlly, sabmitted for analysis 8 

tarf, from Empire City, sabmitted for analysis 8 

from St.Cload, sabmitted for analysis 8 

ft^m Lara, sabmitted for analysis 8 

tarf, from land of J. Haggard, sabmitted for analysis 9 

frt>m K. K. Peck's land, near Windom, submitted for analysis ... 9 

from 8. O. Taggart's land, near Wmdom, sabmitted for analysis. 9 

from land of Bev. E. Savage, submitted for analysis 9 

from land of A. A. Soule, near Mountain Lake, submitted for an- 
alysis 9 

from sec. 18, T. 106, 87, submitted for analysis 9 

Peaty lake sediment, ftx>m Bigelow, submitted for analysis 9 

Perkins. H.. rock at saw-mill of. 47 

Peterson, Peter, quartz-gravel on the land of 68 

Pettit, 8. C, quarry of 51 

Pillsbury, Gov. J. S., contributor to the Ward cast fund 124 

Pilot Mound, surface features of township 95 

drift seen in 61 

Plants, list of by Dr. I. A. Lapham 6 

shrubby, seen in Dodge county 100 

shrubby, seen in Olmsted county 100 

Pleasant Grove, surface features of township 80 

Pleasant Valley, the Devonian at 54 

Plenrotomaria In the Trenton in Olmsted county 86 

Position and size of Steele county 107 

Postle, Mrs. Annie, quarry of 51 

Potsdam Sandstone, said to be in Olmsted county 91 

Preble, surface features of township. . . . , 28 

Preston, surfkce character of township 25 

county seat of Fillmore county 13 

why thus located 16 

dioritic boulder near. $1 

Loess Loam at 6$ 

high terrace plain at • 67 

Prosser, Henry, quarry of 47 

Pyrite atLanesboro ••••! 84 

in the Galena, in Olmsted county..^ •••••••••••«• 91 

Qaicklime produced lu Fillmore county 69 
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Qalncy, sarfftce features of township 78 

Qaincy Mills, section in Lower Maf^nesian at 87 

Racine, the Cretaceons in 55 

Railroad elevations, list ol ': 116 

in Olmsted connty 81 

Railroad Cut at Clear Grit 84 

Beceptaculites in the Trenton 48, 102 

in the Galena 51 

Report on the General Museum 10 

Reid, Hon. A. M., contributor to the Ward cast ftmd 125 

Rexford, J. M., white sand on land of 57 

Shynchonella in the Trenton 47 

Rhodes, G. F., brick maker atKasson 106 

Rice Lake, its location in Dodge county 98 

Ripley, surftice features of township 99 

Rochester, surface features of township 79 

the Lower Magnesian in • . . . • 86 

thickness of the St. Peter near 89 

Rock Dell, surfkce features of township 80 

derivation of name of 78 

quarries in the Galena limestone In 92 

Rocks, list of with thickness SO 

distribution of in Fillmore county 31 

Root river, in Fillmore county 18 

general section across 39 

Rushford, surface features of township 24 

alluvial terrace at 67 

lime made at 71 

the St. Croix Sandstone at 32 

Sand for mortar and concrete in Fillmore county 73 

Sands and Tousley, well drillers 66 

Salem, surface features of township 79 

the Galena Limestone In 92 

Sandstone near Red Jacket Mills, submitted for analysis 9 

Scarrie, Widow, quarry of 55 

Scenery in Olmsted county 85 

Section, taken at Mantor's quarry 104 

in the drift in Wasioja 105 

at Clear Grit 34 

near Fountain 40 

general, of the Trenton Limestone 42 

at Quincy, in Olmsted county 87 

on Sec. 8, Oronoco 88 
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SectiOD, in the Cretaceous 93 

at quarrj in Concord 101 

in Sec. 17, Milton 102 

in the Trenton at Llndensmith^s quarry 112 

Shakopee terrace, the drift on 60, 61 

Shale under the Niagara S4 

Shakopee Limestone in Fillmore county 88 

in Dodge county 101 

Shepherd, Geo., quarry of 47 

Shrubs, list of in Olmsted county 9S 

Shumaker, J., quarry of 50 

Silurian area in Mower county 54 

Sink holes, in Fillmore Co « 21 

in the Galena, in Olmsted Co 91 

Situation and area, of Fillmore Co 18 

of Olmsted Co 75 

Somerset, surftu^e features of township 100 

Soil and timber of Fillmore Co 28 

Smith, John, quarry of , 54 

James, house of ftom the Devonian Limestone 55 

Geo. H., iron ore found in well of 64 

Spar, crystals of in the Galena 91 

Satin 92 

Sprague, O., table of wells, furnished by k 94 

Spring Valley, surface features of township 27 

the Cretaceous in 56 

white lime 70 

the Galena at 50 

drift preyalent at 60, 61 

Springs in Olmsted county 77 

in Dodge county 102 

St. Croix Sandstone, in Fillmore county 18 

St. Lawrence Limestone, green specks in 9 

in Fillmore county 82 

lithological characters of 88 

for quicklime 71 

as a building stone 78 

St. Peter Sandstone, in Fillmore county 40 

effect of on Topography 21 

origin of 41 

fossils in • 41 

St. Peter Sandstone, area of in Olmsted county '• 88 

lithological character of 89 

economical value of 90 

in Dodgeconnty • lOi 
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St. Peter Sandstone in Olmsted ooonty 86 

State Cabinet, law eatablisliing 10 

Steele coanty, report on 107 

position and siae of 107 

area of, by townships 107 

surface of •••• r... 106 

notes of flrom GoTemment plats 106 

draiiiage of 110 

timber of 110 

geology of Ill 

the Trenton Limestone in Ill 

the CretaceoQS in 112 

the drift in 112 

mineral springs In 118 

brick in 116 

artesian well 114 

Story, D. 8., contributor to the Ward cast Aind 124 

Straight River, rock near snrfkice of in Steele county 106 

Strata, of rocks in Olmsted county 65 

Stratigraphy of Olmsted county 65 

Strophomena in the Trenton, in Fillmore county 48 

in Olmsted county 91 

Subterranean passages in the Trenton 22 

« Sugar loaf mound " 69 

Subterranean streams in Olmsted county 76 

in Fillmore county 21 

Summit, surface features of township 106 

Sumner, surface features of township 27 

the Cretaceous in 56 

the drift seen in 60 

quicklime burned in 69 

Surface features of Fillmore county 14 

of the Lower Magnesian 67 

of the St. Peter Sandstone 69 

Surface, ereneral character of, in Olmsted county 76 

in Dodgecounty 98 

in Steele county 106 

Taylor, Joseph, quarry of 40, 72 

Taylor, Mr. , brick-maker 105 

Temple, C. C, white sand on land of 57, 78 

Terraces, alluvial, in Fillmore county 67 

Timbered areas increasing in Fillmore county 28 

Timber, in Fillmore county 29 

In Olmsted county 82 
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Timber, in Dodge conii^ iOO 

in Steele county. 110 

Topography, relations to geology 115 

of Fillmore county 18 

Illustrated by diagram •••• 20 

Trees, list of, in Olmsted county 82 

in Fillmore county 29 

in Steele county Ill 

** Trenton Mounds " 16 

Trenton Limestone in Fillmore county ••• 42 

In Olmsted county 86,90 

in Dodge county 101 

for quick-lime ■ 70 

eifect on topography 21 

for building stone 72 

Tripoli Trom Stillwater, submitted for analysis 7 

Turf-peat, submitted for analysis 9 

Tunnel Mills, drift seen at 60 

United States township survey, 1854 28 

University of Minnesota, Latitude and Longitude of 7 

Upper Minnesota Valley, Fort Benton group in 56 

Upper Trenton, in Fillmore county 48 

Vegetation in the Drift in Fillmore county 82 

Viola, surface features of township 79 

Vines, list of, in Olmsted county 84 

Vernon, surface features of township 99 

Ward, Prof. H. A., mounting of mammals by 124 

set of casts purchased of 126 

Wasioja, surface features of township v 99 

Water fkrom Belle Plaine Salt Springs, submitted for analysis 10 

Waterfalls, hoil formed 18 

Water-powers in Fillmore county 14 

in Olmsted county 84 

unimproved, where located 77 

in Dodge county 98 

in Steele county -, 110 

list of mills ron by, in Olmsted county 77 

Watershed in Olmsted county 81 

Watson's Creek, drift-pebbles and clay at crossing of 81 

Weisbeck's Mill, water powers near 14 

rockbluifiB at 44 

Welles, H. T., contributor to the Ward cast ftind 124 
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